
(National Aeronautics and S_ace

Administ[atio_) _76 p _F AOI; SOD HC $7.00
CSCI 22A Inclas

A CHRONOLOGY

----- 1978008--5_



NASA SP-4011

SKYLAB

A CHRONOLOGY

Roland W. Newkirk and Ivan D. Ertel
with

Courtney G. Brooks

"I'HI{ NASA ttlST()RY SERIES

5' _,

'a'° Scieotific and Tech,fical l,*/ormatio,1 Office 1977

us._ NATIONAl. AERONAIITICS AND SPA(IF. ADMINISTRATION

Washington. D.C.

1978008581-002



FOREWORD

Skylab exceeded all early expectations by being manned for 28, 59, and

84 days respectively, a full 31 days longer than planned. Even today, more than

three .years since its launch, people around the world are only a small part

of the way through evaluating all the data that wele returned from this

sophisticated space endeavor. Scientists will continue gleaning knowledge for

years to come, even as Skylab goes on orbiting the Earth, spent but having more

than fulfilled its purpose.

Over the years, Skvlab evolved in the wake of the lunar landing program.

In early 1970 the configuration had solidified, based on conversion of the

S-IVB stage of the Apollo launch vehicle. Now came the operational fine

tuning to turn concept into reality. How do you compress the most out of the

vehicle into each working day? What ki,d of give and take between ground

and crew will optimize performance and value of th_ flights?

All was ready by May of 1973. Skylab 1 was launched on 14 May and

within seconds the meteoroid shield was lost; NASA faced its biggest and

most expensive problem thus far in the manned flight program. But Mercury, _,
Gemini, and Apollo had conditioned the team for the rigors of a quick

solution. The ten days between the. Sk)'lab I and 2 launches were perhaps

NASA's "finest hours." Plans were formulated, priorities for solutions were

established, and repair equipment was designed, while the ground controllers

kept Skylab 1 alive. The newly designed equipment was mocked-up, tested,
and turned into flight hardware almost m,ernight. These efforts were successful

i because of the dedication and teamwmk of thousands of NASA and contractor

i personnel. By the end nf the Skylah program in February 1974, all scheduled

flight objectives of the Skylab program had been accomplished, plus other

objectives added as the program progressed.
This chronology relates only the beginning; the best is yet to come from

Skylab.

Charles Conrad, Jr.
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THE KEY EVENTS
i"

1959

20 February: NASA officials outlined the long-range objectives of the agency's space program
to a Senate committee. The objectives included a multimanned orbital space station.

8 lune: In a Project Horizon report, Wernher yon Braun advanced a theory for using a spent
booster stage as a space station's basic structure.

1961

5-6 ]anua;'y: McDonnell Aircraet Corporation proposed a one-man space station consisting of a
Mercury spacecraft and a cylindrical space laboratory capable of a I4-day mission in a
shirt-sleeve environment.

1962

April/ MSC designers and planners prepared a preliminary document that outlined areas of
investigation for a space station.

17 October: Joseph F. Shea, OMSF, solicited suggestions from each of t,e NASA Hq Program
Offices and the NASA Centers on potential uses and requirements for a manned space
station. Such ideas, he said, would heJp determine whether adequate justification existed for
such a space laboratory.

1963

]]une: MSC announced two space station study contracts for a 24-man orbital laboratory to be
designed for a useful orbital lifetime of five years.

1965

6-I0 August: NASA's Associate Administrator for Manned Space Flight advised Center birec.
tors of establishment of a Saturn/Apollo Applications Office within OMSF.

20 August: MSFC designers began serious investigation of an S-IVB Orbital Workshop involv-
ing in-orbit conversion of a spent S-IVB stage to a habitable shelter for extended manned
utilization.

10 September: The Apollo Extension System was redesignated the Apollo Applications Program.
13 September: MSC, MSFC, and KSC were officially informed of the changed guidelines for

Center management roles.

1966

28 January: Potential benefits of the Apollo Applications Program were summarized by George
E. Mueller. PAGE Ib

January: Douglas Aircraft Company submitted a summary repmt to LaRC covering the ac- O_ (_

tivities of three phases of the Manned Orbital Research Laboratoryconducted from June _)_ pOOR QUALI'I'¥
1963 to February 1966.

xi
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21 March: The Manned Space Flight Experiments Board was created by agreement between
NASA and the Department of Defense.

I Ap:'il: MSC presented a request for proposals to Douglas, Grumman, and McDonnell for
definition studies on the Saturn S-IVB spent-stage experiment support module (SSESM).

6 May: Astronauts voiced concern over the purposes and proposed work statement for the

SSESM, noting a number of operational and safety concerns connected with purging the
stage's hydrogen tank to create a habi:able structure in space.

11 July: NASA Hq officials made several significant AAP decisions concerning the roles of
MSFC and MSC.

25 July: The Orbital Workshop was approved as an experiment for flight on AS--209.
26 July: Full responsibility for AAP missions was assigned to the Office of Manned Space

Flight, NASA Hq.

13-15 August: Agreement was reached on the respective roles of MSC and MSFC in develop-
ment and operations of future manned space flight hardware.

19 August: NASA announced selection of McDonnell to manufacture the airlock module for
AAP.

30 December; Mission objectives for AAP-1 and AAP-2 flights were outlined by NASA Hq.

1967

26 January: NASA announced plans to use a cluster configuration for AAP flights.
26 July: NASA selected Martin Marietta Corporation as contractor for payload integration of

experiments and experiments support equipment.
2 August: NASA terminated all activity associated with the lunar t,.apping and survey system.

1968

2 February: Key check points were established for AAP to ensure sufficient management visi-
bility of the program status.

20 July: The Post Apollo Advisory Committee issued its report which confirmed the basic
objectives of AAP and played a deciding role in its later evolution.

1969

4 March: An AAP baseline configuration review was held at NASA Hq.
2 May: An AAP Software Board was established.

21 May: Choice of a Saturn IB "wet" Workshop vs. a Saturn V "dry" Workshop was the major
subject discussed at a Manned Space Flight Managemen: Council meeting.

23 May: MSFC Director Wernher yon Braun responded to George E. Mueller's request for

recommendations from the field Centers on the "wet" vs. "dry" WoL'kshop issue, saying he
preferred the *'dry" Workshop and giving his reasons.

18 July: NASA Administrator Thomas O. Paine approved the shift from a "wet" to a "dry"
Workshop.

22 July: AAP Director Wiliiam C. Schneider directed the three manned space flight Centers Io
implement the necessary changes to effect theV'dry '' Workshop program.

8 August: MSFC definitized the contract with McDonnell Douglas for two Orbital Workshops
for AAP.

16 September: NASA announced the AAP chanAe from "wet" to "dry" Workshop substantially
improved the probability of mission success and crew safety.

22 Oclober: The AAP Director approved chat,ges in the Orbital Workshop at a me_'ting at
MSFC.

1970

2 January: MSFC shipped a test version of the Saturn S-IVB stage to McDonnell Douglas to b_
converted into an Orbital Workshog test article.

xii
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17 Fel)rHdr)r." NASA announced that AAP had been redesign;ted the Skylab Progranl.

18 M,tr+'b: An interface panel organi]atit)n was established widfin the NASA Skylab Program

for dclining, controlling, and resolving inter-Center problems.

4 Ma)': A system flexibility study was conducted of s._stcms anti subsystems in the Skylab
cluster to a,.nieve maximum tlexibility in tase of a malfunction.

15 /flay: NASA announted that both the Skylab Saturn V and Saturn IB launches would be

fronl l+aunch Complcx 39 at KS(;.
26 May: The Apolh) telescope mount critical design review was completed ;It MSFC anti final

approval given the ATM design.

10-14 August: A critical design review for the airlock module ,,,,'as held at McDonnell Douglas.

24+27 August: A critical design review of Skylab's multiple docking adapter was completed at
3,Ltrtin Marietta. Denver.

14-18 September." All Orbiial \X'orkshtq_ critital design review was conducted at McDonnell
l)ouglas, Huntingtort F_each, Califi)rnia.

21 September: A Saturn \\'orksbol'_ crew station review began at MSFC v,,ittl (;overnnlent anti
intl,tstry engineers n:onitoring the progress of nine astronauts as they "walked through"

many ,'f the \X'orkshol_ tasks.

16-20 November: An F,VA critic;d design review was held at the MSFC mockup area and

neutral but)vancy simulator whh I0 astronauts participating.

1971

12 l:ebru,Jry: Acoustic testing of the Orbital Workshop dynamic test article was completed at
MSC.

15 December: An MSFC-MSC agreement was apprtwed detailing responsibilities for Skylab

flight cress" training in the neutral buoyilncy simulator ;It MSFC.
December: The Skylab Program was reviewed by a Skylab nfidterm task team,

1972

11-12 ],mu,lry." The Manned Space Flight Managcment (_nuncil agreed to retain the 30 April
1973 launch-rea,lincss date.

19 ],lpu,lr)': Prime crewmen were named for the three Skylab missions.
7 March," The Sk;,lab ,escue mission ,.,,as a definite NASA ctunmitnwnt.

21 ]ttnc: A CSM design certification review board met ;It MSC and concurred in accepting the

CSM design for Sk._lab.

17 July: A Ski, lab vibration and acoustic test lwogr;nn which began ;it MSC in January 1971

wa:, tompleted.

29 Attgttst," After tompletinn of 28 da_s of the Skylal_ mcdical experiments ahitudc tests at MSC,
it was decided to continue the Iqantled s6-day test to completion.

6-" Septemker: A special ceremon_ marked completion of the Orbital Workshop prior to its
readiness for shipnlent from lhmtington i_leach to KS(;.

19 Oc:ober: A Skylab cluster systems design certitication review was conducted ;It MSFC.

21 Notember." NASA liq delined the resiew prt)tedure and readiness requirements for the flight
readiness rcviexv which ,._,t_nld be conducted prior to each Skylab mission.

30 Not+ember: Skylab cost _avings were achieved by iqtrcasing paxload weights in some
instances,

1973

29-_0 January." The airlotk, muhil+le dt)cking adapter, and Al)ulh) tele,icnpe mount flight units
were mated It) the lunar s'ehitle.

27 February; Skylab 2 was moved from the Vchltle :_,ssembly Building to I.aunch Pad 39.

5 April: Planning dates for the four Sk_ lab launche_, ,,,,ere t)lliciitlly tonfirnled by NASA.

17-20 ,4pril: A tlight readiness review _sa., held litKS('. h)lh)_ed by itn annt)unt'enlent t)[
"ready to go" fi)r Skylab I 0)n 14 May and Skylah 2 on IS May,

xiii
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14 May: Sky/,dJi was la.mched irom KSC. l)cph),n:entof d_e \Vorkshop _,)la:arrayaml tile

meteoroidshi'.'Idwas not ,,ucce_,sful,requiringa posq_onement of dle Skylab2 launch.

2_-24 May: ] he design certification review board d,,.'termined dlat a "Skylab Parasol," deph)yed

throu_;h the scientific airlock, would be tile prime method of improvising a d_crmal shield

for the _'orkshop.

25 May: Skylab 2 ','.'as launched from KS(; and renduzxoustxl _,.ith Skylab 1 during the fifth
revolution, l)amage to SAylal_ I was reported to tile ground.

26 May: The crew completed the task of deph)ying the Skylab parasol, and the Workshop
temperature ',tarted to drop.

7 June: Two astronauts performed an EVA and 3uccessfully freed the undeph)yed solar array,

after which it was fully deph)yed.

22 June: The Skyla/) 2 command module splashed down in the Pacific Ocean folh)wing a suc-

cessful 28-day mission.

28 ]ul)': Skflab _ was launched from KSC and began its mission, ending with a landing in the
Pacific Ocean on 2S September.

1_ August: A decision w'a_. made to delete the Skylab Saturn V Orbital Workshop capability
effective 15 August.

30 August: Guidelines ,,,,'ere issued by NASA for release, disposition, and stnrage of all u'..

needed Skylab Program equipment.

16 Notember: Skylab 4 ,,,,'as launched from KSC for a planned duration mission ,)f s6 days with

an option of extending it to 84 days. The command module and ere,,,,' splashed down in the

Pacific Ocean 8 February 1974, 84 days 1 hour 1_ minutes 31 seconds after liftoff.

()i-ttGINALPAGE
OF POOR QUAJ.J_
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PREFACE I

The Skylab Program was specifically 0 signed to conduct a series of _1
experiments from beyond the Earth's amv_.phere. Since the number and J
types of experiments to be conducted during the operational phase of Skylab

were constantly changing, rather than encumber the body of the chronology
with these changes, a lengthy appendix on experiments (number 3) has been

included. This appendix identifies the Principal Investigators and Coinvestigators;

gives the types, numbers, and descriptions of the experiments; expla;ns the

purposes of the various experiments; and, where available, gives the results or

findings of the experiments. Because of the time required to reduce the

voluminous amount of data acquired during the Skylab missions, definitive

results on some of the experiments may not be available for some years.

This document was intended to capture the key events that conmbuted

to the success of Skylab and to provide the sources and documentation essential
to a narrative history of the program. It was not the intent of the authors, nor

should it have been their intent, to interpret the decisionmaking processes, the
policies, the budgetary constraints, the politics, and the inter-Center rivalries

that interwove themselves into the pattern of the Skylab Program from its

inception on the drawing board to its culmination as America's most successful

manned space program to date. For these interpretatiovs, the interested reader

must await the narrative history of Skylab---a history which is now being

written. Meanwhile, it is hoped that the chronolo_, wil? serve as a ready
reference for those who might be seeking a comprehensive soc,rce af information

on the Skylab Program.

The body of the Skylab chronology has been dMded into three parts:

early space station activities, Apollo Applications, and Skylab development
and operations.

The first part traces the cm_cept of space stations beginning with Hermann
Oberth's study on a manned space _.tation, which he presented to the scientific

community in 1923, through July 1965 when Grumman completed a study
for NASA on Earth orbital missions. During the }'ears between those dates,

the scientific community had begun to show considerable interest in a space
station that would enable them to study the physical and psychological effects

on man of extended periods in a space environment; evaluate techniques for

scientific experiments from space; and develop and evaluate techniques for the
construction and successful lat,nch of a space station. A key step in this direction

was the manned space station symposium hekt in Los Angeles in 1960. During

the symposium, leading aeronat,tical and aero_;pace scientists and engineers
presented 40 papers on these subjects.

The second part of the chronology covers the period front July 1965 to

February 1970 and encompa._ses those periods of the program designated the

XV

"' 1978008581-013



.._KYI,AB: A (:ItRONOI.O("Y"

Apollo Extension System md thc Apollo Applications Program. It was during

this period that concepts (based in pint on experience gained in the Mercury,
Gemini, and Apollo Programs) were refined, COtltr;.tcks were issued, and the

gradual evolution of the Orbital Workshop to its final "dry" concept occurred.
In Febru"rv 1970, what had previously been called the Apollo Applications

Program w._s redesignated the Skvlab Program. Part ttm.e of tile chronology
covers the period from this redesignation through the final mission of the

program and the po_toperationat phase. This, essentially, was the construction

and operational phase of the program. It was the period of final eqmpment

and experiment checkout, launch and flight, recovery and evaluation.
In writing this chronology, certain NASA Centers whk:h appear frequently

are referred to by their acronyms. These are: MSFC (the George C. Marshall

Space Flight Center), KS(_: (the John F. Kennedy Space Center), MSC (the i

Manned Spacecraft Center) which later became JSC (the Lyndon B. Johnson

Space Center), and LaRC (Langley Research Center). The National Aeronautics

and Space Administration is generally referred to as NASA, or when the

context of the entry req-ires, NASA Hq. The Centers which appear with less i

frequency in this chronology, such as the Goddard Space Flight Center, the
Ames Research Center, the Lewis Re.'-'earch (:enter, and the Jet Propulsion

Laboratory, are spelled out.

Similarly, a short form is used for a number of the aerospace contractors.

The Martin Marietta Corporatioi, is referred to as simply Martin Marietta,
the Grumman Aerospace Corporation as Grumman, the Mcl)onnell Douglas

Corporation as either McDonnell Dtmglas, Huntington Beach, California, or

McDonnell Douglas, St. Louis (to distinguish between the eastern and western

facilities), and North American Aviation, Incorporated (later North American
Rockwell and still later Rockwell International), is referred to iksNorth American.

Other aerospace contractt_rs, appearing less frequently in the chronology, are

given their fi,ll titles. Examples are The Boeing Company, the Lockheed

Aircraft Corpt_ration, and the Bendix Corporation.

Material used in preparing this chronology has basically been primary
source materials---official .,orrespondencc, memoranda, NASA and contractor

reports, minutes of meetings, and m;nutes of reviews, etc. Secondary source

materials--NASA and contracto," news releases and references to newspaper
and magazine articles---were used minimally.

This chronology could not have been written without the assistance of a

great number of indMduals within the aerospace community. To list them

all would be impossible. However, the authors wish to acknowledge by name
the assistance received from Monte D. Wright, John H. Disher, Fl'ank W.

Anderson, Jr., J. Pemhle l,:ield, Thmnas Hanes, l';dward Christianson, and

Lee D. Sacge.,_er of NASA Headquarter.,; Ix:land F. Belew, Hilmar Haenisch,

Charles I,. Wo(_d, Ralph Murphy, ,lames Bishol), l,uis Robertson, and Robert G.

Sheppard of MSI:C; James l'erri_, K..stantv Kelmlka, James W. (:raig, Jr.,
and Jimmy 1). BmMwell _f KS('; ll.ol)cl'l F. Thompson, Kenneth S. KMnknecht,

lValter D. W.lhart, Edward A. :\rnlstrong, Reginald M. Maehell, J,,e w.

Dodson, Robert (}ordon,Roy I,.Magin, Jr.,Harold J. l)avis,Jamcs M.

xvi
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Grimwood, and Sally D. Gates t_f JSC: Edward Regan, Walter Cleveland,

Dan Green, and Frank Morgan of McI),mm'll l),m_l:l,,: and Richard Barton

and Ralph Oaklev of Rockwell International.

Special kudos go to Mclb:l Henderson and Virginia A. Trotter of JSC for

their outstandin._ assist:race and coop,ration in makin_ available the files and

records from which a large portiot: of this chronology has been derived; to
Willard *I. Taub, whosc a_,_istance was inv;duable in location and identification

cf some of the illustrations: and to Hilda J. Grimwood, who performed such

an outstanding job in the typing and proofing of this manuscript in addition to

carrying out the other innumerable duties essential to ,_ood office operations.

This chronology was p,'cp,lred by the Historical Sen.ices and Consultants
Company, Houston, Texas; under contract NASW-2590.

R, W. N.

I. D. E.

C. G. B.
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PART I

Early SpaceStationActivities

1923 through July 1965

Hermann Oberth published Die Rakete zu den Planetenraumen (The Rocket 1923
into Planetary Spa_e), which contained the first serious propvsal for a manned

space station to appear in scientific literature rather than fiction. Oberth's study

presented to the scientific community a broad treatise on the practicability and

scientific value not only of manned permanent stations in orbit above the Earth,

but also space flight in general. Oberth suggested a permanent station supplied

by smaller rockets on a periodic basis and suggested rotation of the vehicle to

produce an artificial gravity for the crew. Such a station, he said, could serve
as a base for Earth observations, as a weather forecasting satellite, as a

communications satellite, and as a refueling station for extraterrestrial vehicles
launched from orbit.

Translationff Herrnann Oberth'sDie Rakete zu den Planetenraumen, Verlag yon R.
Oldenbourg,Munich and Berlin, 1923.

Writing in the monthly journal Die Rakete, Baron Guido yon Pirquet presented 1928
broad arguments in favor of the scientific possibility c,f manned space travel

and the velocities required for orbital and interplanetary flight, of which orbital

speed was by far the more difficult to attain. Von Pirquet suggested several
different space stations for diverse functions: one in a near-Earth orbit as

primarily an observation site and another station in a much higher orbit that

would be more suitable as an orbital refueling station for escape vehicles.

Translation of Guido yon Pirquet's article "Fahrtrouten" in Die Rakete, 2. Jahrgang,
Breslau, Deutschland, 1928.

Hermann Noordung (the pseudonym for Captain Potocnik of the Austrian 1928
Imperial Army) published Das Problem der Be[ahrung des Weltraums (The

Problem ot Space Flight), which included one of the first serious attempts to

put on paper the design of a manned space station. Noordung's proposed design
consisted of a doughnut-shaped structure for living quarte_, a power generating
station attached to one end of the central hub, and an astronomical observation

3 ,..: ::...:.,.,._,_i',;_ d'*''''7
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1928 station. He w_ among the first to suggest ,t wheel-shaped design for a space

station to produce artificial gravity, and also ar._ued the scientific value of such

a station in a synchronous orbit above the Earth.

tIertnann Noordung, Das Problem de) Be[ahrung d('s Weltraums. 1928.

1929 Hermann Oberth published Weoe zur Raumschiffahrl, in which he greatly

elaborated on ideas presented in his 1923 book. Oberth here presented several

specific designs for orbital space stations, ranging from spherical living quarters

for the crew to largc reflective mirrors fabricated in orbit. Among several

innovations were methods for fabrication in orbit, propulsion by parttcle

emission, and small ferry vehicles to permit travel in the vicinity of the station.

Such stations could be used for a variety of purposes, ranging from st!entitle

observation sites to military installations.

Translation of Hermam_ Oberth's 11"egezur Raum_chiffahrt, Verlag yon R. Olden-
bourg, Munich and Berlin, 1929.

1945 In a summary of Iris work on rockets during World War II, Wernher von Braun

speculated on the potential and future uses of rocket power and space vehicles.

Von Braun prophesied large scientific observatories in space, the construction of

space stations in orbit, and interplanetary travel, beginning with manned flights
to the Moon.

Wernher yon Braun, "Survey of the Development of Liquid R_wkets in Germany and
their Future Prospects," in F. Zwicky, Report on Certain Phases of War Research in
German)', Headquarters Air Materiel Command Report No. F-SU-3-RE, January
19t-7, pp. 38-42.

1946 The Army Air Forces established Project RAND at the Santa Monica, Cali-

fornia, plant of l)ouglas Aircraft Company, Inc. On 12 May, Project RAND,

M,rth which had studied supersonic aircraft, guided missiles, and satellite applications,

released a report on "Preliminary I)esign of an Fxperimental World-Circling

Space Ship" that argued the technical feasibility of building and operating an
artificial Earth satellite.

Eugene M. Emme, Aeronautics and Astronautics: An American Chronolog). of Science
and Technolog)_ in the Exploration o/ Space, 19151960, Washington, D.C., 1961,
p. 53; U.S. Ct,ngress, House, Military Astronautics (Preliminary Report): Report of
the Committee on Science and Astronautic._, House Report 360, [17th (long., Ist sen.,
4 May 1961, p. 2.

M.y Douglas Aircraft Company, Inc,, completed an engineering study on the

feasibility of designing ,'t man-carrying satellite. The study showed that if a
vehicle could bc accelerated to a speed of 27 360 km per hr and aimed properly

it would rew)Ive on .a circular orbit above the Earth's atmosphere as a new

satellite. Such a vehMe would make a complete circuit of the l'arth approximately

every hour and a half. Howevt'r, it would not pass over the sante ground

4
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stations on successive circuits because the Earth would make about a one-sixteenth 1946

turn for each circuit of the satellite. Two fuels were considered in the study: May

hydrogen-oxygen and alcohol-oxygen. The liquid alcohol-hydrogen had been

used to propel the German V-2 rockets. The use of either fuel to orbit a
man-made satellite, the study showed, would require the use of a multistage

vehicle. The study also indicated that maximum acceleration and temperatures

could be kept within limits safe for man. The vehicle envisioned would be used

in obtaining scientific information on cosmic rays, gravitation: geophysics,

terrestrial magnetism, astronomy, and meteorology.

Douglas Aircraft Co., Report No. SM-11827, Preliminary Design o[ an Experimental

World-Circling Spaceship, 2 May 1946.

In a paper presented to the British Interplanetary Society, H. E. Ross described 1948
a manned satellite station in Earth orbit that would serve as an astronomical November

and zero-gravity and vacuum research laboratory. (Ro_' bold suggestions also
included schemes for a manned landing on the Moon and return to Earth 13

through use of the rendezvous technique in Earth orbit and about the Moon.)

Ross' suggested design comprised a circular structure that housed the crew of

the space laboratory (numbering 24 specialists and support personnel) ,xs well

as telescopes and research equipment. The station, he suggested, could be

resupplied with oxygen and other lifc-support esscntials by supply ships launched
every three months.

H. E. Ross, "Orbital Bases," Journal o[ the B4tish Interplanetary Society, 8, 1949,

pp. 1-7.

Awakening public interest in the United States and in Europe was manifested 1949-|952

by publication in September 1949 of The Conquest o[ Space by Willy Ley. Ley
featured detailed descriptions of orbital space stations and manned flights to the

Moon and back as part of man's quest to conquer the frontier of space. The

First Symposium on Space Flight was held 12 October 1951 at the Hayden
Planetarium in New York City. Papers read at the Symposium were published

in March 1952 by Collier& nlagazinc under the title "Man Will Conquer Space
Soon." Contributors were Wernher wm Braun, Joseph Kaplan, Heinz Haber,

Willy Ley, Oscar Schachter, and Fred L. Whipple. Topics ranged from manned

orbiting space stations and orbiting astronomical observatories to problems of
human survival in space, lunar space ventures, and questions of international

law and sovereignty in space. Finally, Arthur C. Clarke's The Exploration o[

Space, first published in England in 19ql and a Book of the Month Club
selection in Anlerica the following year, p_rsuasively argued the case for

orbital space stations and manned hmar ;,'nd phmctary space expedidons,

popularizing the notion of space tlight in general.

Willy Ley, The Conqm,_t o[ Space, 1959: "Man Will Conquer Space Soon," Collier's,

22 March 1952, pp. 22 36, 65 fi7, 70 72, 7"t; Arth!!," (' C!a,'ke, The Exploration o[

Space, 1952.
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1951 At the second annual congress of the International Astronautical Federation

in London, H. H. Koelle described "Die Aussenstation" as part of a paper
September on "Der Einfluss der Konstruktiven Gestaltung der Aussenstation auf die

Gesamtkosten des Projektes (The Influence of the Layout of the Satellite on
the Overall Cost of the Project)." Koelle's paper represented the most realistic

appraisal so far of the problems of design and construction of a space station.

He dealt with problems of payload limitation, orbital assembly, limitations on
the crew in the space environment, and national and economic factors behind

space station growth. In Koelle's view, such a station might be used for

scientific investigations of Earth's upper atmosphere, weather observation, astro-

physical research, and human and chemical research in a zero-gravity environ-

ment. Also, such a station might serve as a communications and navigation

link with the ground and ,as a station for launching more distant space missions.

He suggested a large circular structure consisting of 36 separate 5-m spheres

arranged around a central hub, the whole structure rotating to provide an

artificial gravity environment to offset physiological effects of prolonged weight-
lessness on the crew. One of the unique elements in Koelle's scheme was assembly

of various parts of the station launched via separate rockets, with each segment
being a complete structure. In this way the station could be made operational

before fabrication was completed, and subsequent expansion of the structure

could take place whenever desired. Total personnel complement of the station
would range from 50 to 65 people. Koelle even estimated the cost of such a ._
project: $518 million for con:.truction and $620 million over an operational !

lifetime of six months, i!

John W. Massey, Historical Resume o[ Manned Space Stations, Army Ballistic Missile

Agency Report No. DSP-TM _ 9 -60, 15 June 1960, pp. 19-26.

/,

1954 In "Analysis of Orbital Systems," a paper read at the fifth congress of tile :ii
International Astronautical Federation in Innsbruck, Austria, Krafft Ehricke

described a four-man orbital station. Arguing _hat a very large space station i

w_s neither necessary nor desirable, Ehricke postulated a four-man design that

might serve a number of different purposes, depending upon altitude and orbital ii
inclination. He suggested that such a station might be used for a multitude of I
scientific research, for orbital reconnaissance, for an observation platform, and

as a launch site for more distant space ventures. The station would be launched 1
initially by a large multistaged booster and subsequently visited by crews and

resupplied by means of smaller ferry rockets.

Ibid., pp. 28-31.

1958 The National Advisory Committee for Aeronautics (NACA) and the Air
Force signed a Memorandum of Understanding concerning the principles in

May
the development and testing of the Air Force's Hypersonic Boost Glide Vehicle

20 (Dyna Soar I).
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PART I: EARLY SPACE STATION ACTIVITIES

The following principles would apply to the project: (1) The project would 1958

be conducted as a joint Air l"orce-NACA project. (2) Overall technical ,ontrol
May

of the project would rest with the Air Force, acting with the advice and

assistance of NACA. (3) Financing of the design, construction, and Air Force

test of the vehicles would be borne by the Air Force. (4) Management of the

project would be conducted by an Air Force project office within the Directorate

of Systems Management, Headquarters, Air Research and Development C'_m-
mand. NACA would provide liaison representation in the project office and

provide the chairman of the technical team responsible for data transmission
and research instrumentation. (5) Design and construction of the system would

be conducted through a negotiated prime contractor. (6) Flight tests of the _

vehicle and related equipment would be accomplished by NACA, the USAF,

and the prime contractor in a combined test program, under the overall control 'I

of a joint NACA-USAF committee chaired by thr Air Force.

4
Memorandum of understanding, "Principles for Participation of NACA in Develop-
mint and Testing of the 'Air Force System 464L Hypersonic Boost Glide Vehicle '_
(Dyna Soar 1),' " signed by Gen. Thomas D. White, Chief of Staff, USAF, 13 May i
1958,and Hugh L. Dryden,DirectorNACA, 20 MaT 1958. i

In 1958, the year after Sputnik 1, Krafft Ehricke, then with General Dynamics' O,ring

Convair Division, designed a four-man space station known as Outpost. Ehricke theYear

proposed that the Atlas ICBM being developed by Convair could be adapted 'i
as the station's basic structure. The Atlas, 3 m in diameter and 22.8 m long,

was America's largest rocket at the time. _1

Dave Dooling, "The Evolutionof Skylab,"Spaceflight, January 1974, p. 20. i!

t

A 1958 spacecraft design concept for a two-man orbiting laboratory prepared by It.
Kurt Strass and Caldwell C. Johnson of NASA's Space Task (;roup at Langley
Field, Virginia.
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1959 In testimony before the Senate Committee on Aeronautical and Space Sciences,

NASA Deputy Administrator Hugh I,. Dryden and DeMarquis D. Wyatt,

_,b,_o_ Assistant to the Director of Space Flight Development, described the long-range

20 objective_ of the agency's space program: a muhimanned orbiting space station;

a permanent manned orbiting laboratory; unmanned lunar probes; and manned

lunar orbital, hmar-landing, and--ultimately--interphmetary flight.

U.S. Congress, Senate, NASA Authorization Subcommittee of the Committee on
Aeronautical and Space Sciences,NASA Supplemental Authorization [or Fiscal Year
!959: Hearings on S.1096, 86th Cong., 1st sess.,1959, pp. 46, 81.

April John W. Crowley, Director of Aeronautical and Space Research, appointed Harry

1 J. Goett of the Ames Research Center to head a Research Steering Committee on
Manned Space Flight to a_sist Headquarters in long-range planning and basic re-

search on manned space flight. Composed of representatives from the field cen-

ters as well as Headquarters, members of the Goett Committee (as it was called)

met for the first time on 25-26 May. From the outset, they agreed to concentrate

on the long-range objectives of NASA's man-in-space program, including support-

ing research required, coordinating the research efforts of the various field centers,

and reconamending specific research projects and vehicle development programs.

The most important task facing the Goett Committee was the issue of a flight

program to follow Mercury. H. Kurt Stress of the Space Task Group (STG) at

Langley Field, Virginia (the field element that subsequently evolved into the

Manned Spacecraft Center), described some preliminary ideas of STG planners

regarding a follow-on to Mercury: (1) an enlarged Mercury capsule to place two

men in orbit for three days; (2) _ two-man Mercur; capsule and a large cylindri-
cal structure to support a two-week mission. (In its 1960 budget, NASA had re-

quested $2 million to study methods of constructing a manned orbiting laboratory

or converting the Mercury spacecraft into a two-man laboratory for extended

space missions.)

Memorandum, John W. Crowley to Dist., "Research Steering Committee on Manned
Space Flight," I April 1959; "Minutes, Research Steering Committee on Manned
Space Flight," 25-26 May 1959, pp. 1-2, 6-9; U.S. Congress, llouse, Subcommittee
of the Committee on Appropriations. National Aeronautics and Space Administration
Appropriations:tlearings, 86th Cong., 1st sess.,1959, t_p.42-45.

24 DeMarquis D. Wyatt, Assistant to the Director of Space Flight Development,

testified before Congress in support of NASA's request for $3 million in Fiscal

Year 1960 for research on techniques and problems of space rendezvous. Wyatt
explained that logistic support for a manned space laboratory, a possible post-

Mercury flight program, depended upon resolving several key problems and

making rendezvous in orbit practical. Among key problents he cited were estab-

lishment of methods for fixing the relative positions of two ohjeets in space;

developmetat of accurate target acquisition devices to enable supply craft to locate

the space station; development of guidance systems to permit precise determina-

8
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PART I: EARLY SPACE STATION ACTIVITIES

tion of flight paths; and development of reliable propulsion systems for maneuver- !959

1 ing in orbit. April

U.S. Congress, House, Committee on Science and Astr_mautics and Sttbcommittees

Nos. 1, 2, 3, and 4, 1960 NASA Authorization: Hearings on H.R. 6512, 86th Cong.,

Ist sess., 1959, pp. 97, 170, 267-68.

In a Project Horizon report, Wernher yon Braun, then with the Army Ballistic *""*

Missile Agency, advanced a theory that he had conceived years earlier for using a e
booster's spent stage as a space station's basic structure. This later evolved into

the "wet stage" concept for the Skylab Program.

Project Horizon, Phase I Report: A U.S. Army Stud), [or the Establishment ol a Lunar
Military Outpost, Vol. II, pp. 127--130.

Laurence K. Loftin, Jr., of Langley Research Center, presented to the Research 2s-26
Steering Committee on Manned Space Flight a report on a projected manned

space station. During subsequent discussion, Committee Chairman Harry J. Goett

stated that considerations of space stations and orbiting laboratories should be an

integral part of coordinated planning for a hmar landing mission. George M.

Low of NASA Hq warned that care must be exercised that each successive step

in space be taken with an eye toward the principal objective (i.e., lunar landing)

because the number of steps that realistically could be funded and attempted was

extremely limited. (Subsequently, Low's thinki_lg and the recommendations of the

Research Steering Connnittee were influential in shifting the planning focus of

NASA's manned space program away from ideas of large space stations and lab-

oratories and toward lunar flight and the Apollo program.

"Minutes, Research Steering C,ommittee on Manned Space Flight, 25--26 June 1959,"

p. 6.

E. C. Braley and L. K. Loftin, Jr., sponsored a conference at LaRC to focus Suly

study at the Center on placing a manned space station in Earth orbit. Participants 10
at the conference aimed at concentrating research efforts on developing the tech-

nology to build, launch, and operate such a station. Braley, Loftin, and others en-

visioned several purposes of such a space station: (1) to study the physical and

psychological reactions of man in the spa('e environment for extended periods of

tim(, as well ,xs his capabilities and usefithaess during such missions; (2) to study

,":_tcrials, structures, and control svstetns for extended-duration space vehicles,

and means for ('omnmnicati(m, o:'l)it control, and rendezv(ms in space; and (3) to

evaluate various techniques ft_r terrestrial and ,xstr(momical observation and how

man's unique abilities could enhance thnse techniques in space. Participants en-

visioned this Langley study project as an initial step toward landing men on the
Moon some 10 to 15 ),ears later.

Memorandum, Beverly Z. tlenry, Jr., to Associate Directt_r, "Langley Manned Space

Laboratory Effort," 5 Oct(,ber 1959.

9
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1959 Douglas Aircraft Co.+ Inc., was xisited I)v it representative of the London Daily

Mail newspaper who was visiting seve,al companies to collect ideas for space sta-
November

tions. The Daily Mail held a highly Womoted public exhibition each year called

the "London Daily M:lil Home Show," and wanted to It:we "A Home in Space"

as the theme for the 1959 show. l)ou.t,,las offered to do a full design study (includ-

ing mockup details) for him, and after visiting sever,d other companies be returned

and init_rmed l)ottgl,ls they had wt,n the "conq)etitilm.'" W. Nissim tff the Doug-

las Advanced Design Sccti, m was given a budget of $10 000 with which he turned

out ;l technical report, mockt,p drawing,;, acid posters to be used in the show. The

full-scale tnockup was built and exhibited in London in 1959. ]'he basic concept

was identical to the original Saturrl "XVet Workshop" but was not connected to

any projected launch vehicle ..Xhydrogen-fueled stake was chosen simply because

it offered at larger us,tble volume. Several concepts for detailed equipment and

techniques adopted for later programs were originally developed for this study.

Douglas Airc,'aft Co., Rt.po,'t No. SM-36173, London Daily Mail Astronomical Space
Obsrpvator)'. N.vi.nibt.r 1959: memorandum. Jut, Tschirgi, McDonnell Douglas Astro-
nautics Co., MDAC, to Wah (;leveland, MDAC, 4 April 1973.

1960 The Lundon Daily Mail presented the Space Vehicle at its 1960 Ideal Home Ex-

hibititm, and an cstim:lted 150 000 to 200 000 people pa_sed through the vehicle.
March

The foUowing is extracted from the 1960 exhibition catalog:

Based tm designs developed by Douglas Aircraft Co., Inc., Santa Monica, CA, the
Space Vehicle which rears its +,;2feet [19 nil length from the _ell high into the
roof <,f the Eml)ir<' llall will he seen suspended as it would be in flight so that
visitors may see, for the lit'st time in history, a full-sized replica <ff a Space Ship
Of t]lt" fUllll'e. It measures 17 feet i3 tn] across and visitors can walk through it
from the First Floor of the l'nlpire llall and inspect it in detail.

Those wilt+ (h+ st+ slmuld assume that they are ahoard in the second stage of a
two-stage x'ellit'le, ml'ter take-oil the th'st stage btlrns out ;It ;ill ahitude of
200,000 feel [60 960 m]; the st,Colld at a height uf approxinmtely 2,50 miles [400
kin] alxwe sea level.

Once in orhit, in gravity fiee sp;wt., the Space Vehicle is palmed towards the sun
and is kept ill that positicm on its t'ollrse. Its mission is to map stellar space un-
hindt, red hy atmospheric cortdititms which prevail helow, to make spectroscope
t+llservations ;tlld to t+l+taill other aStl'Ol;OllliC;ll data, all of which ave telenletered

directly to earth stations.

Tile crew of four men make their a_cmlt hi the nose cone (in whi,'!_ they also re-

enter the ;ttnmsphel•e ;tnd retllrn to earth). ()liCe ill orbit they ntove down from
the I'lllle into tilt" ceiilt'a[ ctliUllln, hlilxx otit tilt' file[ tllitllll)er whi,'h is lO lie their

wtu'killg alld living tlllartel's--;ill(| set tip their e(ltliplilellt which ll._ I)eell stored

in tilt" ;.itca iit'lxveell IltiSe :lnd tallk.

Tile shealhillg, x_'hlchcovers tlleir part t+f tilt' \'elii,'h', opt'its lip into {titll petals
wltich hiive xuil I'J;lllt'l'ie_.lilt illeiv iiiller SliltAt'es. 'l'he_e provide ,elkw of power to

drive the i,ll,l+ll'it',i] equipiiieill, hisitl,' tile she;ithiilg, telesctlpes+radio :inteiin:lo

10
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PART I: EARLY SPACE STATION ACIIVITIES

and other gear all stand during ascent. Working in space suits the team assemble 1960
this equip,lent, transfer stores, and arc somz ready to set up their space routine.

March

Each man takes his watch. Actually during the twenty-four hours each member of
the crew does approxinmtely eight hours cm duty, has eight hours for sleep and eight
ht)urs free for exercise, meals and recreation. X,Vhile on dnty, the crew control
the transmission of their observations to earth and keep watch on the tempera-
ture and atmospheric conditions within the Space Vehicle.

The blue and white stripes on the outside of the vehicle are designed to absorb
(white) and re-radiate (blue) the sun's heat (which in space is very great) and
maintain a temperature of alx)ut 72 degrees fahreni_eit [295 K] within the working
quarters.

The atmospheric conditions within _l_e Vehicle are created from oxygen and
nitrogen supplies and pressurised to simulate an environment of 10,000 feet

[3000 m]. Air bre,'lthed out by the crew (CO.,) is absorbed in special containers.

Visitors who go through the Vehicle should realise that the crew, in a gravity-free
condition, have no "floor" or "ceiling." They would be able to work equally
easily in any position. The Vehicle on exhibit at the Exhibition shows one of the
crew at work on a telescope, in a space suit, outside the Vehicle. A second crew
member will be seen inside the Vehicle, in Iris space suit, at the ready in case of
emergency; a third man is relaxing, watching earth TV; a fourth is on duty at
the control console.

In a gravity-fi'ee condition things remain where they are--only "restraint" straps
are necessary to prevent "drifting."

When returning to eartil, the crew go back to the re-entr T Vehicle (the nose cone)
in which they made their ascent. Here they fasten themselves into special seats.
They flwu break the j_,iuts which attach them t_ the Space Vehicle and . . .
tilt,q, their vehich" so that its nose points it, :t clirectio_i [opdosite ] to that of their
orbit. A small rocket motor is then tired which reduces their speed and they begin
to sink into the upper atmosphere and come into the earth's gravitational puU.
The re-entry vehicle is then flown ea*thwards, losing speed and finally, at a pre-
clctermiued heighh a large par:,chutc opens automatically and the capsule floats
down to the ground.

Letter, Trew_r Smith, Londtm Daily Mail, to Ivan D. Ertel, IIistorical Services and
Consultants Company, 14 October 197.1-,with extract from 1960 Ideal Home Exhibi-
tion catalog.

Thc !ns'.itute of the Aeronautical Sciences, NASA, and the RAND Corporation Aprl|
sponsored a Maimed Space Stations Symposium teaturing leading aeronautical 20.22
and aert)space scientists ;tnd engineer,';fi'om across the cotmtry. They examined
the entire sttbject from present pl;tnning and future steps through engineering

feasibility, operational techifiques, designs, costs, and utilitarian considerations.
This conference marked one c)flhe foc;tl points in American space station think-

ing up to that time.

"Proceedings of the Manned Space Stations Synlposium," Los Angeles, California,
20 22 April 1960.

11
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Two photograFhs of the 1960 Ideal Home Exhibition in London: At left, a "crew-

man" is at the control panel that operates tile battery of space telescopes. Note
his "shirt-sleeve" clothing. At right, a space-suited "crewman" is outside the
space station working on one of the telescopcs.--Photos courtesy of the Lol:don
Daily Mail.

1960 Representatives from the various NASA Field Centers and Headquarters attended

Moy a conference on space rendezvous held at LaRC under the chairmanship of Ber-
nard Maggin. The participants reviewed current Center research programs on

16--17 space rendezvous and exchanged ideas on future projects. Many of the studies
already in progress involved the idea of a space ferry and rendezvous witi" a sta-

tion ia cislunar space. Although as yet NASA i_ad no funding for a rendezvous
flight test program, consensus of those at this conference held that rendezvous

would be essential in future manned space programs and that the Centers should

undertake experinaents to establish its feasibility and ;o develop various rendez-
vous techniques.

Inter-NASA Research and Devel,pment Centers Discussion on Space Rendezvous,
LaRC, 16-17 May 1960.

1961 McDonnzll Aircraft Corporation officials proposed to NASA a one-man space

station consisting of a Mercury capsule and a cylindrical space laborat,_ry cap,ble
January

of supporting one astronaut in a shirt-sleeve environment f,_r 14 days in orhit.

s-6 The complete vehicle, McDonnell said, could be placed in a 240-km orbit by an

Atlas-Agena booster, thus affording NASA what the company termed a "mini-
mum cost manned space station."

McDonnell Aircraft Corp., One Man Space Station, 24 August 19600ev. 28 October
1960).

^'_oy A NASA Hq working group headed by Bernhard Maggin C.ml_letetl a staff study

s recommending an integrated research, devel.pment, and applied orbital ¢_pera-
tions program through 1_)70 at an approximate cost of $1 billion, ht its report,

the group identified three broad categories .f orhital .perations : inspecti.n, ferry,

and orbital latmch. Maggin and company reasoned that f.ture space pr.gr:un_;
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In October 1960 Rene A, ]_erglundof l,an,e'ley Research Center's Space Statlon
Officepreparedthe spacecraft&'signcmweptofan inilalablespacelaboratmy
based on the Mercury spacecraft.
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1961 required the capability for such orbital operations and recommended that a devel-

M.y opment program, coordinated with the Department of Defense, be undertaken
immediately. Also, because of the size and scope of such a program, they recom-

t mended that it be ind"pendent of other space projects and that NASA create a

! separate administrative office to initiate and manage the program.

;,. Memorandum, Bernard Maggin to Associate Administrator, "Staff Paper--'Guidelines

for a Program for Manned and Unmanned Orbital Operations,' " 22 May 1961.

Is-,i Space Task Group Director Robert R. Gilruth informed Ames Research Center

th,_t current planning for Apollo "A" called for an adapter between the Saturn

second stage and the Apollo spacecraft to include, as an integral part, a section to

be used as an orbiting laboratory. Preliminary in-house configuration designs indi-
cated tiffs laboratory would be a cylindrical section about 3.9 m in diameter and

2.4 m in height. The laboratory would provide the e_tvironment and facilities to

conduct scientific experiments related to manned operation of spacecraft. Gilruth

requested that Ames forward to STG descriptions of scientific experiments be-

lieved to be important to the development of manned space flights, together with

a list of necessary support equipment requirements.

In response to the request from the STG, ARC Director Smith J. DeFrance sug-

gested a series of experiments that might be conducted from an Earth-orbiting
laboratory: astronomical observations; monitoring the Sun's activity; testing

man's ability to work outside the vehicle; zero-g testing; and micrometeoroid

impact study. DeFrance noted that all of these experiments could be performed

in the lunar mission module part of the Apollo vpace vehicle with little or no

design modification.

Letters, Robert R. Gi!ruth to ARC, "Scientific experiments to be conducted in an
orbiting laboratory," 18 May 1961; Smith J. DeFrancc to s'r(], Attn: Apollo Project
Office, "Suggestions for experiments to be conducted in an carth-t,_biting scientific
lalx,ratory," 31 May 1961.

ottot,,r Emanucl Schnitzcr of LaRC suggested a pogsible adaptation for existing Apollo

hardware to create a space laboratory, which he termed an "Apollo X" vehicle.

Schnitzer's concept involved using a standard Apollo command and service mot-

tile in conjt, nction with an inflatable spheroid structure and transfer tunnel to

create a space laboratory with artificial gravity potential. He argued the technical

feasibility of such a scheme with minimal weight penalties on the basic Apollo

system. (Although little apparently was done with his idea, Schnitzer's thinking,
along with similar thoughts by many of his colleagues, created a fertile environ-

ment within NASA for the idea of adapting Apollo-developed space hardware to

laboratories and space stations in Earth orbit.) In April 1962 Paul Hill, Chief of

the Applied Materials and Physics Division, stated that structures were under

study which _uuld hold from 4 to 30 people.

Emanucl Schnitzer, Possible APOLLO "X" Inflatable Space Laboratoo', October
1961 ; Astronautical and Aeronautical Events o/ 1962, 12 June 1963, p. 64.
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This spacecraft design of the possibleuse of Apollo as a space station was prepared by
H. Kurt Strass of Space Task Group in the fall of 1961.

MSC designers and planners prepared a preliminary document that outlined 1962
areas ofinvestigation for a space station study program (handled largely under
the aegis of Edward H. Oiling ol the Spacecraft Research Division). Flight Ap,,
Operations Division Chief Christopher C. KIaft, Jr., urged that the study format
be expanded to include such areas as the operational requirements for a ground
support and control network, logistics vehicles, and space station occupied versus
unoccupied intervals.

Memorandum, Christopher C. Kraft, Jr., t'o Edward tI. Oiling, "Rough Draft of

Space Station Study Document," ! May !962, with enclosure, "Proposed Revision."

John C. Fischer, Jr., an aerospace techI_ologist at Lewis Research Center, put May

forward a plan for a two-phased approach for a space station program. The more lo
immediate step, involving launching a manned and fully equipped station into
orbit, would span ,somefour to six years. Such a station would allow investigation
of stationkeeping, rotation of. personnel in orbit through supply and ferry craft,
and replacement of modules in orbit through ntoduhtr construction. The second
and more sophisticated phase of a space station program, evolving from the earlier

17 i
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SKYLAB: A CHRONOLOGY

1962 step, envisioned injection of an unmanned inflatable structure into orbit which

would then be manned and resupplied by ferry vehicles (using hardware and tech-May

niques developed under the earlier phase of such a program). This more sophis-

ticated approach included artificial gravity (eliminating many human and

hardware-design problems of long periods of zero-g); gyroscopic stability of the

platform (eliminating requirements for propellants to maintain the station's orien-

tation in orbit); and supply vehicles designed for reentry and landing at selected
airports (eliminating the expense of conventional recovery methods).

John C. Fischer,Jr., Brief Plan /or Establishingan Orbital Mam,ed Space Station,
10 May 1962.

23 Representatives from Avco Manufacturing Corporation made a presentation to

MSC on a proposal for a space station. Prime purpose of the station, company

spokesmen said, was to determine the effects of zero-g on the crew's ability to

stand reentry and thus fix the limit that man could safely remain in orbit.

Avco's proposed station design comprised three separate tubes about 3 m in

diameter and 6 m long, launched separately aboard Titan IIs and joined in a

triangular shape in orbit. A standard Gemini spacecraft was to serve as ferry
vehicle.

Memorandum,K. J. Allen, MSC, to Chief, Flight OperationsDiv., "Presentationby
Avco on Space S,ations," 23 May 1962.

Jury31- A symposium held at LaRC, attended by NASA people interested in space station

augus, 1 work, provided a forum for Langley researchers to report on progress or, some of
the more significant aspects of the Center's work in the space station area. (A

general research program to explore the technical problems of large rotating

manned spacecraft had been under way at the Center for some time.) Various

researchers emphasized that such investigations were exploratory in nature, since

there existed no NASA-approved program for the development and operation of

such a spacecraft. The dozen papers presented at the symposium encompassed

objectives and research guidelines for a space station; preliminary research con-

The first radial, integral-launch space station was based on some ideas of H. Kurt
Strass at Langley Research Center about November 1961 and designed by
Willard M. Taub at MS(3 in June 1962 for Charles W. Mathews. Later, it be-

came known as the foldable Y-shaped space station.
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PART I: EARLY SPACE STATION ACTIVITIES

figurations; structural requirements; power, life-support, and thermal-control 1962
systems; materials requirements and fabrication techniques; operational consider- July-
ations; structural and dynamic compatibility between station and launch vehicle;
and crew performance. Au_u,t

NASA Technical Note D-1504, by LaRC Staff, "A Report on the Research and Tech-
nological Problems of Manned Rotating Spacecraft," August 1962.

The Department of Defense announced pla- o to deve;_p a Titan III launch ve- 20
hicle powered by both solid and liquid fuel rocket moto,'s with a total thrust of

over 11 million newtons (2.5 million lbs)..Scheduled to become operational in

1965, the Titan III wuuld be used to launch the Air Force's X--20 (Dyna Soar)

manned spacecraft, as well as heavy unmanned military satellites. Martin Mari-

etta Corporation had been seh'ttcd as prime contractor for the project, at an
estimated cost of ', etween $500 million and $1 billion. At a news conference the

following day, Defense Secretary Robert S. McNamara cited the Titan III as a

major step toward overtaking the £oviet _ nion in various phases of military space
development.

Washington Post, 21 August 1962 ; DOD Release 1367-62.

MSC aerospace technologists William G. D,tvis and Robert L. Turner compiled a September

description of scientific and support instrumentation that would be required 11
aboard a manned space station. Such equipment comprised basically three areas:
(1) support and laboratory instrumentation, including those systems required for

crew safety and scientific experiments; (2) scientific instrumentation, primarily

for study of a true space environment on different spacecraft systems and mate-

rials and for advancement of scientific knowledge of space; and (3) the power

system for a space station (wherein the pair compared the relative merits of 400- 1
cycle alternating current versus 28-volt direct current power sources). _

Memorandum, William G. Davis and Robert L. Turner, MSC, to E. R. Diemer, MSC, '_

"Scientific and Support Instrumentation for a Manned Spy-; Station," 11 September
1962.

A meeting to discuss space-station-related work during 1963 was held in Wash- _a

ington between people from the Office of Manned Space Flight (OMSF), the

Office of Advanced Research and Technology (OART), and the three Centers

most involved in such work, MSC, MSFC, and LaRC. Although the timing for
a space station project was far from firm, all agreed that the concept was impor-

tant and that advanced technological work must proceed at the Centers in order

to present top management with information on such a program when
i

appropriate.

Douglas Lord of OMSF noted that funding for space station research and study

contracts was limited because of an "understandable preoccupation" with the

Apollo program, noting that for 1963 OMSF was allowing $2.2 million to MSC

19
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EARLY SPACESTATION CONCEPT

INFLATABLE CONCEPT

L J

ONSTRUCTION CONCEPTS

During 1962, while the Alx,llo spacecraft design waa still in tile delinition stage and a mode for
tilt lunar landing had not yet been chosen, other activities were being pursued on a smaller
scale. (?he such activity was planning for future programs. NASA Centers, the Air Force,
and many of the major aerospace contractors were developing possible space station concepLs

20
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SPACESTATION BUILD-UPCONCEPTS

CONNECTING

CABLE OR ROD-_ _-EXTENDED /_/

BOOSTER STAGE _ )1_| _ APOLLO

_""_ U.S, AIR FORCE-SUGGESTEDINTERIM STATION

/1--t

INJECTION CONFIGURATION DEPLOYED CONFIGURATION

FOUR-COMPACT-MODULESPACESTATION CONCEPT

and studying their potential uses. Some of those concepts, most in consideration at that time,
are shown on these facing pages. The variety seems to indicate that aerospace engineers,

given tile opportt,nity and challenge, can come up with a number of seemingly far.reaching
configurations, all of which might achieve the desired resuh.
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1962 and $300 000 to MSFC for contractor-related studies, compared to OART's

September funding to LaRC of $800 000.

Maxime A. Faget stated that MSC was revising some of its earlier plans for space
station studies to include a thorough operation,, analysis so that rational cost-

based decisions could be made in 1964. He observed that cost would be a very

important--if not the most important--factor in any early space station program

decision, thus dictatin_r a simple design for the vehicle.

Clint Brown, representing Langley, agreed with Faget's views and announced

that LaRC had reorganized its original space station steering group and had re-
oriented and broadened their conceptual design studies, with greater emphasis

upon simplicity of configuration and sx:_tem design. Although Brown and Faget

disagreed on the principal justification for a space station program (Faget viewed
it as a support for a future manned flight to Mars, while Brown argued primarily

its usefulness as a research laboratory for a variety of NASA research elements),

both agreed on the desirability of bringing all of the Agency's Program Offices

(such ,as the Office of Space Science and Applications) into the planning picture.

All the participants at this meeting agreed that a paramount objective for imme-

diate planning was to define program objectives for a space station--what roles it

would fill and what purposes it would be designed to accomplish.

Menmrandum, W. E. Stoney, NASA Hq, to R. L. Bisplinghoff, NASA Hq, "OART-
OMSF and Center Meeting on Space Station Studies," 5 October 1962.

Octob,r Joseph F. Shea, l)eputy Director for Systems, Office of Manned Space Flight,

solicited suggestions from each of the Headquarters' Program Offices and the17

various NASA Centers on the potential uses and experiments for a manned
space station. Such ideas, Shea explained, would help determine whether

adequate justification existed for such a space laboratory, either as a research
center in space or as a functi(mal satellite. Preliminary studies already conducted,

he said, placed such spacecr;fft within the reahn of technology fe;Lsibility, and,

if a decision were made to go ahead with such a project, NASA could

conceivably place a station in l'arth orbit by al_mt 1967. Shea emphasized,

however, that any such decision depended to a great extent on whether adequate

jttstification existed for a sp,tce station. In seeking out ideas from within the

agency, Shea called for roles, configurations, systenl designs, and specific scientific

and engineering uses and requirements, emphasizing (l) the importance of a

space station program to science, technology, or n;ttional goals; and (2) the

unique char;tcteristics of such a station and why such :l program could not be

accomplished by using Mercury, Gemini, Apollo, or unmanned spacecraft.

Finally, he stated that general objectives currently envisioned for a station

were as a precursor to manned planetary missions and for broad functional and
scientific roles.

Memorandum, Joseph F, Shea to Dist., "Definition of Potential Applications for
Manned Space Station," 17 Octoher 1962.
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PART I: EARLY SPACE STATION ACTIVITIES

Owen E. Maynard, Head of MSC's Spacecraft Integration Branch, reported 1962

on his preliminary investigation of the feasibility of modifying Apollo space- December
craft systems to achieve a 100-day Earth-orbital capability. His investigation

examined four basic area.s: (1) mission, propulsion, and flight time; (2) rcndcz- 12

vous, reentry, and landing; (3) human factors; and (4) spacecraft command and

communications. Although modifications to some systems might be extensive--
and would involve a considerable weight increase for the vehicle--such a mi_ion

using Apollo hardware was indeed feasible.

Memorandum, Owen E. Maynard to Chief, Spacecraft Technology Div., "Systems

Investigation of a 100-Day Earth Orbital Operation for Apollo," 12 December 1962,

with enclosure, same subject.

MSC researchers compiled a preliminary statement of work for a manned space Is
station study program in anticipation of study contracts to be let to industry for

a supportive study. The study requirements outlined the general scope of such

investigations and suggested guidelines for research areas such as configurations,

onboard spacecraft systems, and operational techniques. Ideally, studies by

aerospace companies would help NASA formulate a logical approach for a space

station program and how it might be implemented. Throughout the study, an

overall objective would be simplicity: no artificial gravity and maxinmm use of

existing launch vehicles and spacecraft systems to achieve the earliest possible
launch date.

MSC, General Requirements [or a Study Proposal [or a "Zero-Gravity" Manned Or-
bital Laboratory, 15 December 1962.

Addressing an Institute of Aerospace Science meeting in New York, George van 1963
Tiesenhausen, Chief of Future Studies at NASA's Launch Operations Center,

January
stated that by 1970 the United States would need an orbiting space station to

launch and repair spacecraft. The station could also serve as a manned scientific 22

laboratory. In describing the .ql-m-long, 10-m-diameter structure, van Tiesen-

hausen said that the station could be launched in two sections using Saturn C-5

vehicles. The sections would be joined once in orbit.

Future Studies Branch Activities Report, Fiscal Year 1963, TR-4-17-3-D, 19 August

1963, p. 31.

MSC proposed building a manned space station using hardware already under MQrch

development for the Apollo program. MSC's plan called for an orbiting station l

with a capacity for 18 crewmen. Manning would be accomplished through

successive flights of six-man, modified Apollo-type spacecraft that would rendez-
vous with the station in orbit.

Astronautlrs and Aeronautics, 1963, pp. 77-78; Baltimore Sun, 2 March 1963.

Testifying before the House Committee on Science and Astronautics, NASA ,t

Deputy Administrator Hugh L. Dryden described the Agency's studies of post-

23
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1963 Apollo space projects. Among "obvious candidates," Dryden cited a manned

March Earth-orbiting laboratory, which was a prerequisite for manned reconnaissance
of the planets. Many preliminary design studies of the technological feasibility

of a large space laboratory had been made, Dryden said. But technical feasibility

alone could not justify a project of such magnitude and cost. "We are attempting

to gr,_p the problem from the other end," he said, "... to ask what one can

and would do in a space laboratory in specific fields of science and technology
with a view to establishing a realistic and useful concept .... The program

must be designed to fulfill national needs."

U.S. Congress, I-h,use, Committee cm Science and Astronautics, 1964 NASA Authori-
zation: Hearings on H.R. 5466 (Superseded by H.R. ,500). 88th Cong., 1st s_'ss., 4-5

March 1963, p. 20.

2a Associate Administrator Robert C. Seamans, Jr., asked Abraham Hyatt of

Headquarters to organize a task team to study the concept of a Manned Earth

Orbiting Laboratory.

Seamans pointed out that such a laboratory was under consideration by several

government agencies and that NASA and the Department of Defense were at

that time supporting a number of advanced feasibility studies. He said that such

a laboratory bore a very heavv interrelationship hetween manned space flight,

space sciences, and advanced research and technology and that NASA's top man-

agement was faced with the decision whether to initiate hardware development.

Hyatt's team thus must examine broadh' the needs of an orbiting laboratory
from NASA's viewpoint, as well as that of outside agencies, and the operational

and scientific factors impinging on any po._ible decision to undertake hardware

development.

Memorandum, R_,bert C. Seamans, Jr., to Dist., "Special "Iask Team for Manned

Earth Orbiting Laboratory Study," 28 March 1963.

Aprlt Christopher C. Kraft, Jr., John D. Hodge, and William L. Davidson of MSC's

11 Flight Operations 1)ivision met at Langley with a large contingent of that
Center's research staff to discu._s LaRC's proposed Manned Orbital Research

Lalx, ratory (MORL). I,angley spokesmen briefed their Houston visitors on the

philosophy and proposed progratn phases leading to an operational MORL.

Kraft and his colleagues then emphasized the need for carefifl study of operational

problems involved with the MORL, ;:._well as those associated with the smaller

cress' ferry and logistics supply vehicles. Specifically, they cited crew selection

and training reqtfirements, the need for a continuous recovery capability, com-

munications reqt*irements, and handling procedures for scientific data.

Memorandum, William L. Davicls_m t_ Chief. Flight Operations I)iv., "N.tes qm Lang-
ley Research Center's (LaRC) Pmp._sed Manned Orbital Research Laboratory

(MORL)," 18 April 1963.
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PART I: EARLY SPACE STATION ACTIVITIES

MSC announced two space station stud)' contracts to compare concepts for a 1963
24-man orbital laboratory: one with the I,_ckheed Aircraft Corporation and June
another with Douglas Aircraft Company, Inc., Missiles and Space Systems

Division. The stations were to be designed fox"a useful orbital lifetime of about 1
five )'ears, with periodic resupply and crew rotations.

Douglas Aircraft Co., Report SM 45878, Douglas Orbital Laboratory Studies, January
1964.

In a meeting with a number of people front MSC's Spacecraft Technology and 20
Instrumentation and Electronic Systems Divisions, J. E. Clair from Bendix

Eclipse-Pioneer Division gave a progress report on the company's study of

stabilization techniques for high-resolution telescopes aboard manned space
vehicles (work done under a contract awarded 9 November 1962). In part,

MSC's purpose was to ensure that Bendix's study reflect the Center's current

definition of space stations. Clair and the MSC contingent explored a number

of technical problems for different vehicle configurations, including pointing
accuracy, fields of view, and physical location aboard the vehicle.

Memorandum, R. L. LaBlanc, MSC, t,) Deputy Chief, Instrumentation and Electronic

Systems Div., "Conference with Bendix Eclipse-Pioneer Representatives on June 20,
1963," 17 July 1963.

LaRC Director Floyd L. Thotnpson announced that two aerospace firms, The 24

Boeing Company of Seattle and Douglas Aircraft Company, Inc., of Santa
Monica, had been selected for final negotiations for study contract_ of a Manned

Orbital Research Laboratory (MORL) concept. Results of the comparative

studies would contribute to NASA's research on ways to effectively use man in

space. Although no officially approved project for _:n orbital laboratory existed

at the time, research within the agency over the past several years had developed

considerable technology applicable to multimanned vehicles and had fostered

much interest in such a project. Langley's MORL concept envisioned a four-

man Workshop with periodic crew change and resupply, with at least one crew
performing a year-long mission to evahtate the effect of weightle_sne._ during

long-duration space flights.

Douglas Aircraft Co., Report No. SM t)878, Douglas Orbital Laboratory Studies,

January 1964.

In a report to the Aeronautics and Astronautics Coordinating Board, Director July

of Manned Space Flight D. Brainerd Holmes and Air Force Undersecretary 10
Brockway McMillan, cochairmen of the Manned Space Flight Panel, set forth a

number of reconmaenctaticms for bringing abc,nt a closer coordination between

NASA and the Department of Defense (DOI)) in Inanned space station studies.

Although some coordination between the two agencies already existed, direct

contact w,xs inadeq:_ate, especi:dly ,_t the c hnical level. Holmes requested all

NASA program offices and those field centers involved in space station work to

25
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Rene A. Berglund, Chief of MSC's Space Vehicle Design Branch, is shown with
models of the modular space station he designed, for which he earned a cash
award from the NASA Inventions and Contributions Panel in July 1963. The
one on the right is the launch configuration for the orbital revision on the left.

1963 comply with the Panel's recommendations for thorough interchange of study
work and itlformation with DOD.

July

Memorandum, D. Brainerd Holmes t- Dist., "NASA/DOD Coordination on Space

Station Programs," 10 July 1963, with enclosure, "Report to the Aerot*autics and i
Astronautics Coordinating Board fr-m the Manned Space Flight Panel."

16 At Seattle, five men began a 30-d;'.y engineering test of life sttpport systems for a i
manned space station in The Boeing Company slzace chamber. The system,
designed and built for NASA's Office of Advanced Research and Technology,
was the nation's first to include ;dl life-support equipment for a multimanned,
long-duration space mission (including environmental control, waste disposal,
and crew hygienc and food techniques). In addition to the life support equip-
ment, a number of crew tests sintulatcd specific problems of space flight.

Five days later, however, the simulated mission was halted because of a faulty
reactor tank.

NASA News Release 63-155, "Thirty-Day Lift. Support System Being Tested for
NASA," 16 July 1963; Cleveland Plain Dealtr, 21 July 1963.
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At the request of NASA Hq, MSC contracted with North American to determine 1963

what engineering modifications to the basic Apollo spacecraft would be required July
to extend that vehicle's mission capabilities to a l O0-day orbital lifetime. Al-

though the study contract was handled chiefly by the Space Vehicle Design 3o

Branch of the Spacecraft Technology Division, Engineering and Development

Director Maxime A. Faget requested that all elements of his directorate lend

support as required to achieve a meaningful and useful effort, including
in-house study efforts if needed. Also, Faget described the vehicle model that

served as the b,xsis for the stud},: a space laboratory for either a two- or three-man

crew; an orbital altitude of from 160 km to 480 kin; an orbital staytime of about

100 days without resupply; and launch aboard a Saturn IB. He stated that

two separate vehicles were under consideration, an Apollo command module

and a command module and separate mission module to be used as living quarters.

Memorandum, Maxime A. Faget to Dist., "100-day Apoll% study support," 30 July
1963.

NASA and the DOD concluded a joint agreement to coordinate all advanced August1r-

space exploration studies and any actual programs undertaken in the area of September 14
a manned orbital research station. The two agencies agreed that, to the _eatest

extent possible, future requirements in this area should be encompassed in a single
project.

"Agreement Between the Department of Defense and the National Aeronautics and
Space Administration Covering a Poosible New Manned Earth Orbital Research and

Development Project"; NASA News Release 63-231, "NASA--DOD Agree on Com-
mon Approach to a Manned Orbital Pesearch and Development Project," 17 October
1963.

A "flying carpet" escape system from orbital space st .iens had been proposed Oct,b,.
by Douglas Aircraft Company. The escape system would be a saucer shape that 9
would expand into a blunt-nosed, cone-shaped vehicle 7,6 m across at its base.

The vehicle would act as its own brake as it passed through the atmosphere.
Reentry heating problems would be met by using fabrics woven with filaments

of nickel-based alloys.

Space Business Daily, 9 October 1963, p. 52; Astronautics and Aeronautics, 1963, p.
383.

NASA announced the selection of 14 new _tstronauts: Edwin E. Aldrin, Jr., la

William A. Andes,, Charles A. l]assett II, Michael Collins, Donn F. Eisele,
Theodore C. Freeman, and David R. Scott from the Air Force; Alan L. Bean,

Eugene A. Cernan, Roger B. Chaffee, and Richard F. Gordon, Jr., of the Navy;

Clifton C. Williams, Jr., United States Marine Corps; and R. Walter Cunning-
ham and Russell L. Schweickart, civilians. This latest addition to tb_eastronaut

corps brought the total number ot NASA astronauts to 30.

MSC News ReleMe 63-180, 18 October 1963.
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1963 The Director of Advanced Research and "Fechnology, Raymond L. Bisplinghoff,
asked the several field centers to conduct a ,horough _se._sment of the potential

October

utility of a manned orbiting laboratory to conduct scientific and technological

31 research in space. To date, Bisplinghott said, the prevailing view (based pri-

inarily on intuitive judgment) saw such research as one of the most important

justifications for an orbital laboratory. An accurate assessment of its potential

was essential .so that, as a preliminary to undertaking such a project, any such

decision would rationally exar_ine whether such a projec �shouldbe undertaken

and what type of laborato_ should be built.

Letter,Raymond L. Bisplinghoff,NASA Hq, to Dist., "Request for assistancein defin-
ing the scientificand technologicalresearchpotential of a manned orbital laboratory,"
31 October 1963.

N**.mbo, North American issued the final report of its stud) for MSC on extended missions

for the Apollo spacecraft. In stressing the supreme importance of man's role24

in thc cxploration of space--and the uncertainties surrotmding the effects of
prolonged exposure to the zero-gravity environment of space--the company

suggested that an Earth-orbital htboratory would be an ideal vehicle for such

long-term experimental evaluation, with missions exceeding a )'ear's duration. The

more immediate approach to meeting thc demands for suc'h minions was through

modification of existing vehicle systems rather than the development of com-

pletely new space hardware. In the remainder of the report, the company gave

detailed descriptions of how Apollo systems might be modified to meet the
requirements of extended missions, ranging from the b_t_ic command and service

module to a separate laboratory and habitable module with self-contained systems

and life-support equipment. All such basic concepts were technically round and

could satisfy mission objectivcs with minimum costs ;_.:_ddevelopment time.

North American, SID R,.port 63 1370 12, Extended-,,lission Apollo Stud)', Final
Report, 24 Noveml_er1963,pp. 1-5, 19 20.

December Secretary of Defense Robert S. McNamara announced cancellation of the X-20

10 Dyna Soar project at a news bricfing at the Pentagon. McNamara stated that
fiscal rcsources thereby saved woukl be chamaeled into broader rescarch on the

problems and potential value of manned military operations in space, chiefly

the Manned Orbitin- Laboratory (MOL) project. These decisions on the X-20
and MOL had been discusscd and <'oordinated with NASA, and, although the

Air Force received responsibility for the MOL project, NASA would continue to
! provide technical support.

DOD News Briefing _ith lion. Rt,l,ert S. McNamara, Secretary of Defense, The
Pentagon,10 December 1963.

19 .. NASA ttq advised the centers regarding the agency's official position visA-vis
the Defense Departmcnt's Manned Orbiting Laboratory project. Both NASA

and DOD viewed MOL as a project dcsigm, d to fulfill inmwtliatc military re-
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quircments. Tile project cottld ilot I)c constrtted ;ts rtleeting tile much broader 1963

objectives and goals of a national space station progrant being studied by both December

org;tniz,ttiulls trader IX)st-Apollo rcsc;.trch and dcvelt_pluent progratn policy agree-

tnents between NASA Administrator James E. Webb and Secretary of Defense

Robert S. McNamara (dated 14 September 1963).

TWX, NASA th I to Dist., 19 Dece,nber 1963.

MSFC Director Wcrnher yon Braun descrihed to Apollo Spacecraft Program 26

Manager Joseph F. Shca a po_4hlc extenskm of ApoUo sv._cms to permit more

extensive cxph)r:.tion of the htnar surface. Huntsville's concept, called the Inte-
grated Imnar Exploration System, involved a dual Satttrn V mi._4on (with rendez- )

votls ill htn,tr orbit) to deliver an integrated lunar taxi/shelter spacecraft to
the Moon's surface. Wcrnher yon Braun stated that, though this concept w_s

most preliminary, such a vehicle co-rid bridge the gap between present Apollo

capabilities and the longer tetm ,_oal tff pernmnent hmar bases. (Although this

suggestion never found serious favor elscwhere within the agency, such thinking

and ideas were indicative of speculation throughout NASA generally regarding

po_4ble applications of Apollo ha;dw,trc t. achieve other space goals once the 1
paramot'nt goal of a hm:tr landing w_m achieved.)

Letter, Wernher v,,q Braun, MSFC, t,, Shea, MSC, 26 December 1963.

MSC Director Robert R. Gilruth apprised Get)rge E. Mueller, Associate Adminis- 31
trator for Manned Space Flight, of recent discussions with officers from the Air

Force's Sp;tce Systems Division regarding MSC's joint participation in the

MOL project in the area of .perati.nal control and support. Such joint cooper-

ation might comprise two separate areas: n_atming t'equircmet_t_ for the control

center and stalling of actual facilities. Gilruth suggested that such joint coopera-
tion would work t_ the benefit of both organizatitms involved. Furthermore, be-

cause a llutnber of unidentified problems inevitably existed, he rcconlnlended the

creation of a joint NASAAir Force group to stttdy the entire question so that

sttch uncertainties might be identified and resolved,

Letter, Robe," R. Gilruth to George E. Mueller, NASA t-[q, "Operational Support

for tile USAI" Mavned Orbiting Laboratory," 31 December 1963.

In :tn interview for Space Business Daily, l'dward Z. Gray, Director of Advanced 1964
Studies in NAS:Cs Office of Manned Space l'light, predicted that NASA's

January

mannetl space station wt,ttld be lnorc sophisticated than the Defense Depart-
ment's Manucd Orbiting I,aboratorv. NASA had more than a dozen study e

projects trader way, Gray said, that when completed would enable the agency
to apFraise rcquir,'mwnts ;rod ptttstw tht" best approach to developing such a

space station. 'i
Spt:ct Business Daily. II Ja,utary 196.1, p. 34.
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1964 James J. Haggerty, Jr., Space Editor for the Ar,ny-Na:'y Air Force Journal and

s,,,u,n¢ Register, e_dled the assignment of the Manned Orbiting Laboratory to the Depart-
ment of Defense "an ominous harbinger of a reversal in trend, an indication

10 that the military service_s may play a more prominent role in future spate explora-

tion at NASA's expense .... Whether .you label it development platform,
satellite platform, satellite or laboratory, it is clearly intended a.s a beginning

for space station technology. It is al_ clearly the intent of this administration

that, at least in the initial stages, space station development shall be under

military rather than civil cognizance .... "

Army-Navy-Air Force Journal and Register, 11 January 1964, p. 10.

Is Following completion of feasibility studies of an extended Apollo system at

?,ISC, Edward Z. Gray, Advanced Manned Missions Program Director at Head-

quarters, told MSC's Maxime -\. Faget, Director of Engineering and Develop-

ment, to go ahead with phase II follow-on studies. Gray presented guidelines and

suggested tasks for such a st'ldy, citing his desire for two separate contracts to
industry to study the command and service modules and various, concepts for

laboratory modules.

Letter, Edward Z. Gray to Maxime A. Faget, 15 JanuaD- 1964, with enclosure, "Ex-

tended Apollo, Phase I1."

J*nuarr- In the wake Of the Air Force's Manned Orbiting Laboratory project and the

likelihood of NASA's undertaking some type of manned orbiting research labora-March

tory, Director c,f Adwmced Manned Missions Studies Edward Z. Gray sought

to achieve within NASA a better understanding of the utility of such projects

;Lsa hase for experiments in space. Accordiogiy, lee created three separate work-

ing groops to deal with possible experiments in three separate categories: (I)
bio-medical, (2) scientitic, and (3) enginee:" ,g.

Memorandum, Edward Z. Gray, NASA Hq, to Wernher wm Braun, MSFC, "Estab-

lishment of an Orbital Re'search Laboratory Engineering Experiments Working

Group," 3 March 1964.

Februory The Lockheed-California Company released details of its recommendations to

MSC on a sciemific space station program. The study concluded that a manned16

station with a crew of 24 could be orbiting the Earth in 1968. Total cost of the

program including logistics spacecraft and ground support was estimated at

$2.6 hillion for five yeats' operation. Lockhccd's study recommended the use of a
Saturn V to launch the unmanned laboratory into orbit and then launching a

manned logistics vehicle to rendezvous and dock at the station.

MSO Roundup, 4 March 196,l-_ p. 8.

Moreh l'dward Z. Gray, Advanced Mmmcd Mid,ions Director in the Olhcc of Manned

la Spate Flight, asked LaRC Director (:harles J. Donlan to prepare a Project
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Development Plan for the Manned Orbital Research Laboratory, studies for 1964

whicll were already underway at the Cc-nter and under contract. This pl.n was March

needed as documentation for any pos4ble decision to initiate an orbital remarch

laboratory project. (Gray had aim ,xsked MSC to submit similar plans for an
Apollo X, an Apollo Orbital Research Laboratory, and a Large Orbital Research

Laboratory.) In addition to the Project Development Plan, Gray asked for sys-

tem specifications for each candidate orbital laboratory system; both of these

would form the h_is for a project proposal with little delay "should a climate

exist in _hich a new project can be started."

Letter,E. Z. Gray to (_. J. Dtmlan. 12March 1964.
't

A study to recommend, define, and substantiate a logical approach for establish- During
ing a rotating manned orbital research laboratory for a Saturn V launch vehicle theMonth
was made for MSC. The study was performed by the Lockheed-California Com-

pany, Burbank, California. It was b,xsed on the proposition that a large rotating
space station would be one method Iw which the United States could maintain

its position as a leader in space technology. Study resuhs indicated that no major

state-of-the-art advances would be required for a rotating space station program.

If the program w,x_ to be implemented, maximum utilization could be made _
of the technologies, equipment, and facilities developed for the Mercury, Gemini,

artd Apollo programs. Significant reductions in cost, development time, and

technological risk for a large rotating space station program would thereby be
obtained.

Four principM objectives were established for the study: stud,,, of alternate con-

figurations, conceptual design of a rotating station, :;election of station systems,

and a program phm for the rotating station. Ground rl.lles and guidelines were

established to limit, define, and focus the studies. A sunnnary of these follows.

• The launch vehicle was to be a two-stage Saturn V. Launch was to be

from Cape Canaveral, Florida, in July 1968; the period from 1967 to 1970 was
to be considered.

• The station was to be fully operational for one to five years.

• The space station was to be launched unmanned.
• Crew size was to he 24 men,

• The space station would be capable of remaining in the unmanned con-

dition for a nainimum period of one month.

• Meteoroid and radiation environment w,x_ _l.sspecified by NASA-MSC.

• Cabin pre._sure was to be variable from 9.t to 101 kihmewtons pet"sq ru

(3.5 to 14.7 psia) within any one module or the zero-gravity lal_oratory, with the

normal value being 48 kilonewtons pet"sq m (7.0 psia).

• Design criteria for the life support system were those specified by NASA.

• The sp:tcc statioxl was to he designed to .'wconmlodate emergencies, and
rapid egre_s would not he a primary design constraint.

• Crew duty cycles would vat')' between three months and one year

31 t,
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1964 ° The basic resupply period would be 90 days; however, variations to this

March period would be considered.
• Logistic spacecraft to be considered would include the 12-man ballistic

or lifting body designs or a 6-man modified Apollo.

• Maximum use would be made of already available or planned equipment
and technolog3, or modest extensions thereof.

If the Gemini and Apollo programs were continued at the current pace, research
requirements for implementing a large rotating space station were few. The._e

requirements were

Aeronautics

No aeronautics problems, as such, were anticipated; however, continuing re-

search on the properties of the atmosphere at the orbital altitude would

allow more accurate prediction of orbit decay rates.

Biotechnology and Human Research

Research to define more precisely the radiation environment and its effects

on man should be continued. In connection with this work, better methods

of measuring radiation dosage to man and of prognosis of potential damage
were required.

Continuing research on the long-term effects of reduced _avity and methods

of counteracting such effects were necessary. Major contributions would be
made in the Gemini and Apollo programs.

Analysis and experimentation in the area of crew performance under re-

duced or zero gravity would aid in the design of equipment for both oper-
ations and nmintenance.

Environmental and Stabilization Controls

Active systems had been proposed for stabilizing the rotating space station, i
Research in the area of passive stabilization devices would provide both in-
creased reliability and decreased power consumption.

Environmental control on the space station would use currently available

hardware, with the exception of the oxygen regeneration t, nit. The proposed

arrangement would make use of the Bosch process, which requires a large
amount of electrical power for the electrolysis of water. Research would be

required on the elertrolysis process and on alternative means of reclaiming
oxygen.

Materials and Structures 1

Continuing research on the meteoroid environment and on penetration me-

.' chanics and hazards of penetration, based on representative space station

ii . i i iii i i i ii . ......... . , , ;i
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structures and operating pressures, would be required to permit more accu- 1964
rate evaluation of station and crew survival. M,,c,

The effect of long-term exposure of materials to the space environment

would aid in reducing the space station development span. Of primary in-
terest were sealing, materials, lubricants, repair techniques, and surface coat-

ings for preserving thermal properties and for preventing or facilitating
vacuum welding.

Current toxicity data on materials dealt only in terms of industrial exposure
times. The toxicity of the various materials that would be used in the space

station should be evaluated for long-term human exposure in a representa-
tive environment.

Nuclear Systems

Nuclear power devices offered many attractive advantages for space station

use; however, at that time, their development status, shielding requirements,

and cost had prevented their use. Further research in both nuclear and

radioisotope systems appeared justified in view of the potential benefits that
could be realized.

Propulsion and Power Generation

One of the major logistic requirements for the space station would be pro-

pellants. The possibility of reducing propellant resupply requirements exist-

hag in the use of high-specific-impulse devices was now under development.
Further research would be required to make the weight, size, thrust, and

power consumption more compatible with space station requirements.

In the existin_ space station design, the primary power source, solar cells,

needed to be complemented with power storage devices in the form of silver-
cadmium batteries. Research, aimed at increasing battery life as a function

of depth of discharge, would result in a marked reduction of power system

weight and logistic requirements.

The study recommended that effort in the following areas would provide critically

needed technology:

• Development of a flight-rated oxygen regeneration system.

• Development of water reclamation components.

• Construction of a full-scale mockup,

• Design and testing of candidate wall constructions.

• Determination of the effect on materials of long-term exposure to the space
environment.

• Increased battery life to minimize logistics.

Lockheed-Californla Co., Report No. LR 17502, Vol. XI, Summary, "Study of a
Rotating Manned Orbital Space Station," March 1964.
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1964 C. Howard Robins, Jr., and others in the MSC Advanced Spacecraft Technology

Division investigated the suitability of and formulated a tentative mission flight
April

plan for using a Gemini spacecraft to link up with an orbiting vehicle to achieve

29 a long-duration space minion (dubbed the "Pecan" mission). The two crewmen
were to transfer to the Pecan for the duration of the mission. As with similar in-

vestigations for the application of Apollo hardware, the scheme postulated by

Robins and his colleagues emphasized maxhnum use of existing and planned

hardware, facilities, and operational techniques.

Howard C. Robins, Jr., "On the Establishment 9f a Nominal Flight Plan for the

Gemini-Pecan Mission," MSC Internal Note No. 54-EA-22, 29 April 1964.

Juno Secretary of the Air Force Eugene M. Zuckert announced that three firms, Doug-

s las Aircraft Company, General Electric Company, and The Martin Company,
had received authorization to begin work on space station studies. Zuckert pre-
dicted also that the Titan III would be test-flown that summer and would launch

the Manned Orbiting Laboratory sometime in 1967 or 1968.

Astronautics and Aeronautics, 1964, p. 205.

During The recent creation of the Apollo Logistic Support System Office in Washington

th, prompted the formal investigation of a variety of extensions of Apollo hardwareMonth

to achieve greater scientific and exploratory dividends from Apollo hardware.

Director of Special Manned Space Flight Studies William B. Taylor suggested to

William E. Stoney and others in Houston that Grumman receive a study contract
to investigate possible modifications to the lunar excursion module (LEM) to

create a LEM truck (concepts which the company had already investigated pre-

liminarily on an in-house basis). The time was appropriate, Taylor said, for more
intensive and formal efforts along these lines.

Letter, William B. Taylor, NASA Hq, to William E. Stoney, MSC, "LEM Truck,"

24 June 1964.

July A study submitted to NASA by Douglas Aircraft Company concluded that a six-

14 man space research station, capable of orbiting for one year, could be orbiting the
Earth within five years. The crew, serving on a staggered schedule, would travel

to and from the station on modified Gemini or Apollo spacecraft. The station
would provide a small degree of artificial gravity by rotating slowly and would

include a centrifuge to simulate reentry forces.

Douglas Aircraft Co., Report No. SM-.4587,;, Douglas Orbital Laboratories Stuai¢s,

July 1964.

21 Commenting on Republican Presidential candidate Barry Goldwater's views on

the space program, Warren Burkett, science writer for the Houston Chronicle,

observed that a great deal of research being conducted as part of NASA's Apollo

program could be of direct value to the military services. Burkett contended that
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an orbital laboratory using Apollo-developed components could be used for such 1964

military applications as patrol and orbital interception. He suggested that, with July'
Apollo, NASA was generating an inventory of "off-the-shelf" space hardware
suitable for military use if needed.

Houston Chronicle, 26 July 1964.

Willis B. Foster, Director of Manned Space Science in the Office of Space Science August i

and Applications, distributed a preliminary draft report of the Ad Hoc Astronomy 3
Panel of the Orbiting Research Laboratory (ORL). The panel, which met on

26 October 1963 and again on 24 June 1964, was created to sound out the Amer- i
ican scientific community on the validity of manned astronomy in space and to

define astronomy objectives for the ORL mission. The panel promulgated a
broad statement on the scope and direction of the manned space astronomy pro-

gram. Although sounding rocket and unmanned satellite programs had merit,

the panel stated that broader, more flexible--and ultimately more economical--
astronomy programs required the presence of man in space. Initial manned as-

tronomy programs should be carried out as soon as possible, and, although pri-

mary interest w_tson Earth-orbital systems, the panel clearly was looking forward

to the eventu,-J po_ibility of lunar surface observatories.

The Ad Hoc Astronomy Panel also presented a comprehensive rationale for man's

role in space astronomy: as_emt)ly of large, bulky, or fragile equipment in space;

maintenance, repair, and modification of equipment; and direct monitoring of
scientific apparatus and immediate data feedl)ack during critical periods and for

specialized operations. While recognizing that the presence of flight-oriented as-

tronauts wan mandatory aboard an ORL, the panel recommended inclusion in the

crew of a qualified astronomer to direct scientific operations aboard the laboratory.

Letter, Willis B. Foster, OSSA, to A. D. Code, University of Wisconsin, 3 August 1964.

MSC's Spacecraft Integration Branch proposed an Apollo "X" spacecraft to be 17
used in Earth orbit for biomedical and scientific missions of extended duration.

The spacecraft would consist of the lunar Apollo sp.'tcccraft and its systems, with
minimum modifications consisting of redundancies and ._pares. The concept pro-

vided for a first-phase ntission which would consider the Apollo "X" a two-man
Earth-orbiting laboratory for a period of 14 to 45 days. The spacecraft would be

boosted into a 370-km orbit by a Saturn IB htunch vehicle. Variations of config-

urations under consideration provided for Configuration A, a two-man crew, 14-

to 45-day mission, no lab module; Configuration B, a three-man ere',,, 45-day
mission, single lab module; Configuratioli C, it three-man crew, 45-day mission,

dependent systems double lab module; and Configuration D, a three.man crew,

120-day mission, independent systems lab inodule.

MSC Internal Note No, 64..ET-53, "Apollo Systems Extension, Apollo 'X,' Descrip-
tion and Mission Interrelationships," 17 August 1964. i
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The Apollo "X" spacecraft as it was
visualized in both launch and tACT.On,IT
Earth-orbit configurations by per- ¢>4SaAVS)
sonnel of the MSG Spacecraft In-
tegration Branch in August 1964. tAU_C.C0_I_UaATIO_

1964 A background briefing for the press regarding astronomy programs was held in

September Washington. Nancy Roman, who directed the agency's astronomy activities, dis-
closed that NASA was studying the feasibility of a manned orbiting telescope. A1-

24 though the telescope would be designed to operate automatically, man would
adjust its focus, collect film packets, and make any necessary repairs. The space

agency had already invited members of the scientific community to propose astro-

nomical studies suitable for use in space, and several NASA centers were per- _

forming related engineering support studies, i

" Astronautics and Aeronautics, 1964, p. 327. i_

Octobor In an interview for Missiles and Rockets magazine, Associate Administrator Rob-

ert C. Seamans, Jr., stated that NASA planned to initiate program definition26
studies of an Apollo X spacecraft during Fiscal Year 1965. Seamans emphasized

that such a long-duration space station program would not receive funding for

actual hardware development until the 1970s. He strewed that NASA's Apollo X

would not compete with the Manned Orbiting Laboratory program: "MOL is

important for the military as a meth(_d of determining what opportunities there

are for men in space. It is not suitable to fulfill NASA requirements to gain sci-
entific knowledge."

Missilesund Rockets,26 October 1964, p. 14.

O.cmb,r In a letter to Apollo Program Director Samuel C. Phillips regarding tentative

spacecraft development and ntission planning schedules, Joseph F. Shea, Apollo
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_ ADAPTER

-- SPACE STATION EQUIPMENT
S-IVU "SHELL"_ MQOULE iN BOOST FLIGHT

_/ POSITION

S-IVB 'SHELL '¸, I.V AND ADAPTER _
ARE REMOVED FOR ACTIVATION OF

APOLLO {ORGEMINI] LL $-II STAGE AS ORBITAL STATION

TO GET FROM APOLLP SUBSEQUENT COMPLETE VENTING'" c't'MINI OF S-II HYDROGEN TANK. EQUIPMENT
INTO SPACE STATIO_ '_AUTS _ MODULE IS MOVED iHYDRAULICALLY
PASS THROUCP , [UNNEL INTO HYDROGEN TANK, CONVERTING

_._ _ THE LATTER INTO SPACE STATION}

v\

"" _ ) ,o-H----EXPANDABLE PLATFORMSINSULATED WALLS _

S . E STATION I'V
"E_IuIPMENT MODULE" "I_1( CT_ I :_

_N F_NAL PQ3_TION -- _ '-_IA IV _ S'U STAGE !
._,_qk-

S-IISURFACE, COVERED WITH SOLAR i'

_ CC.LLS, CAN EASILY PROVIDE S KWPOWER EVEN IF STATION IS NOT

/ _ ATTITUDE-STABILIZED

b/'TDRN V CONVERSION INTO A S-II SPACE STATION BY MEANS OF A

CYLINDRICAL, MOVEABLE 'EQUIPMENT MODULE"

Above is a draftsman's completed work, taken from a rough sketch prepared by I
Wernher von Braun on 24 November 1964. All the descriptivematerial on either

sideof the conceptual space station was taken directly from von Braun's penciled !sketch.

Spacecraft Program Manager, touched upon missions following completion of 1964
Apollo's prime goal of landing on the Moon. Such minions, Shea said, would in December

general fall under the heading of a new program (such as Apollo X). Although
defining missions a number of years in the future was most complex, Shea advised
that MSC was planning to negotiate program package contracts with both North
American and Grumman through Fiscal Year 1969, based upon the agency's
most recent program planning schedules.

Letter, Joseph F. Shea, MSC, to Samuel C. Phillips, NASA Hq, 1 December 1964.

In a letter to President Lyndon B. Johnson, Senator Clinton P. Anderson, Chair- z
man of the Committee on Aeronautical and Space Sciences, recommended that
the Air Force's MOL and NASA's Apollo X programs be merged. Senator An-
derson argued that a jointly operated national space station program would most
effectively use the nation's available resources. He claimed that $1 billion could !
be saved during the next five years if the MOL were canceled and those funds
applied to NASA's Apollo-based space station program.

In told-December, Anderson issued a statement saying that the Department of
Defense and NASA had worked out an agreement on MOL and Apollo X that in i
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1964 large measure answered the questions he had earlier raised. "The Air Force and 1
NASA will take advantage of each other's technology and hardware develop-Decembar * • '

ment," Anderson said, "with all efforts directed at achievement of a true space

laboratory as an end goal."

Astronautics and Aeronautics, 1964, pp. 382, 425.

11 LaRC announced award of a 10-month contract to The Boeing Company to

study the feasibilit), of-de_ning and launching a manned orbital telescope and to

investigate ways in which such an astronomical observatory might be operated,

particularly the role that man might play in scientific observations. The study

presumed that the telescope would be operated in cnniunction with the proposed

Manned Orbital Research Laboratory being investigated by Langley.

Astronautics and Aeronautics, 1964, p. 415, cites LaRC Release.

1965 Defense Secretary Robert S. McNamara announced that the Department of De-

fense was requesting proposals from the aerospace industry for design studies to
January

support development of the MOL (especially cost and technical data). Three con-

23 tractors would be chosen to conduct the studies, a step preliminary to any DOD
decision to proceed with full-scale development of the space laboratory.

Astronautics and Aeronautics, 1965, p. 27, cites DOD News Release 42-65.

February Testifying before the House Committee on Science and Astronautics during hear-

is ings on NASA's Fiscal Year 1966 budget, A_ociate Administrator for Manned
Space Flight George E. Mueller briefly outlined the space agency's immediate

post-Apollo objectives: "Apollo capabilities now under development," he said,

"will enable us to produce space hardware and fly it for future missions at a small

fraction of the original development cost. This is the basic concept in the Apollo
Extension System (AES) now under consideration." Mueller stated that the

Apollo Extension System had "the potential to provide the capability to perform
a number of useful mi_ions utilizing Apollo hardware developments in an earlier

time frame than might otherwise be expected. This program would follow the

bxsic Apollo manned lunar landing program and we,uld represent an intermediate
step between this important national goal and future manned space flight

programs."

U.S. C_ngress, House, Co' .mittee on Scier_ce and Astronautic , 1966 NASA Authori-

zation: Hearings on H.R. 3730 (Super.waled by H.R. 7717), 89th Cong., 1st sess.,

1965, pp. 111-115.

2_ In a major policy meeting at Headquarters, among George E. Mueller, A_sociate

Administrator for Manned Space Flight (OMSF), Homer E. Neweii, Associate

Administrator for Space Science and Applications (OSSA), and members of their

staffs, a fundamental policy agreement was worked out regarding responsibilities

for scientific experiments aboard manned space flights. Basically, OSSA had re-
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This original spacecraft design concept prepared in early 1965 by Willard M. Taub,

MSC, for William E. Stoney, Jr., Chief of MSC's Spacecraft Techno?ogy Divi- !
sion, was used as a basis for later, more detailed spacecraft designs of the S-IVB
Workshop. It has also been referred to extensively in discussing the most prac-
tical space station configurations.

sponsibility for definition of experiments, selection and coordination with experi- 1965

reenters, and, after the flight, analysis and di._semination of scientific data; OMSF February
was responsible for actual flight hardware, as well ,xs integration into the space

vehicles and actual conduct of the mission. Funding responsibilities between the
respective offices followed the same pattern.

Memorandum, R. J. Allenby, NASA Hq, to Ge.'_rge E. Mueller, OMSF, and Homer E.

Newell, OSSA, "Minutes of NewelI-Mueller Meeting of 23 February 1965," 19 April

1965, with enclosure, "Memorandum of Agveemen_ Between Office of Manned Space

Flight [and] Office of Space Sciences and Applications, Scientific Interfaces."

MSC Assistant Director for Engineering and Development Maxime A. Faget sub- May
miLLed to NASA Hq the Center's plans for Fiscal Year 1966 Apollo Extension 4

' System program definition and subsystenls development efforts. The information

submitted wa., based on MSC's AES study and supporting development efforts

and was broken down into several categories in line with guidelines laid down by

the Office of Manned Space Flight: pragram definition, verification of the capa-

bilities of Apollo subsystems for AES; definition and initial development of ex-

periment payloads and payload support; long leadtime development of primary

spacecraft systems critical to achieving minimum AES objectives (i.e,, four to six
weeks orbital capability and up to two weeks on the lunar surface); and develop-

ment of improved or alternate subsystem_ that wmdd extend AES capabilities up O]_j.Gl_ J_ pAGE I_I
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196fi to three months in Earth ort)it. T_L4:s in support of these objectives, Faget stated,

aay fell into two priorities: (1) th.se ta_k_ required to verify an early AES capability;
and (2) tasks in support ()f later AES missions and for system improvement. Those
t,,.sks having immediate pric,rity, therefore, demanded the "hard core" of AES

funding essential to meet thc carly AES flight dates.

Letter, Maxime A. Faget, MSC, to E. Z. Gray, NASA llq, "FY 1966 AES program

definition and subsystem development program submission (905)," 4 May 1965.

J.., LaRC awarded Douglas Aircraft Company a follow-on study contract for the

la MORL, emphasizing use of the AES program as a prerequisite to the MORL.
Douglas was to examine particularly interfaces between AES experiments and
nfissions and the MORL program.

LaRC Cont,'act NAS 1 3612.

2a NASA announced selection of six scientist-astronauts to begin specialized training

at MSC for the Apollo program. The men, chosen by NASA from a _oup of
16 nominated by the National Ac:ltlemv of Sciences, included one geologist, two

physicians, and three physicists.: The six new spacemen were Owen K. Garriott of

Stanford Univelsitv; Edward G. Gibson of the Acronutronic Division of Philco;

Duane E. Gravcline, a flight surgeon at MSC; Joseph P. Kerwin, a Navy flight
surgeon; Frank C. Michel of Rice University; and Harrison H. Schmitt, an

astrogcologist for the U.S. Gcok)gical Survey.

NASA News Release 65 212, "NASA Seh'cts Six Scientist-Astronauts for Apollo
Program," 28 June 1965.

J_lv NASA A_ociate Admitfistrator Rohert C. Seamans, Jr., named the I)eputy As_o-

a ciate Administrator for Programming to coordin;_te the age.c)','; responses to

other governmental agencies regarding pt)st-Apollo program planning and re-

view. At present, Seanaans said, considerable interest concerning NASA's post-
Apollo plans existed in the space connnittccs of both the Senate and the House of
Representatives; the President's S,.icqcc Atlvls.rv (]otnnfittcc; the Otli('c of Sci-

ence and Tcchnt)h)gy; the Natic,. ! \cronautics and Space C,ouncil; and the
Bureau of the Budget. All were deeply involved in policy plannil_g of direct

concern to NASA. During forthctmling months, he emphasized, it was imperative

that various program presentatitms and agency planning statements accurately

reflect th;nking ()f the agency's top leadership and that n() contradictor),' positions
be made outside the agency This was e_ential, he said, "becaum of the very

sensitive nature of many of the t),, 7_aln Ol)titms open t. us ;rod I)ecause of the

intimate links I)etween tilt" NASA program and those of other major agencies."

Memorandum, Robert (',. Seamans, Jr., to Deputy Asst,ciate Admi,fistrator for Pro-

gr;.tmll|ing, "Post-Apt,lh, Plamli g Reviews," 8 July 1965.

22 Edward Z. Gray, Direct(w. Atlvanced ,Manned ,Missions Program at NASA Hq,
informed the (;enter I)irectt)rs at MSC, MSI"(:, and KS(: t|f significant recent
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program decisions on the approach t(. be followed during l"isc;tl Year 1966 in 1965

defining payload integration for the AES to the extent necessary for awarding Jury
major project cantracts approximately a year later. In dcfiniug AES actMty.
Gray said, the Centers must follow the phased approach, with definition phase ;_

contracts to be awarded competitively to industry about the frst of 1966. These
contracts, to mn for about five months, were to include the several companies'

proposals for acc()mplishing the payload integrati(m effort for all AES flights and

woukt form the basis for NASA's final choice of integration contractors. Current

plans, Gray said, were based on selcctitm of tw_ such payload integration con-

tractors, one at MS(: and the second at MSFC, each respnnsible for about half of

all AES flights. (During the integration definition phase contracts, however, MSC

had lead responsibility f,,_r competition and selection of study contractors, with
participation I_ MSFC and KS(;. Gray authorized MSC to supplement the

existing AES study eontr:tcts with North American and (}mmman to assist in

the payload integration definition cffof x

Letter, Edward Z. Gray, NASA Hq, t. l)irect.rs, MSC, MSFC, and KSC, "AES

Mission Platming and Payl.ad lntegratiol_," 22 July 1965.

The final report on a mo:lular multipurl:,_se space station was delivered to MSC a_

by the Spacecraft Organization of Lockheed-California Company. The concept
provided for a sequentM evolution of space vehicles ranging from small ,,",polio-

dependent lal_orattwies, through larger, more versatile laboratories, to a semi-

permanent space station.

Initial objectives of the study were t¢_refine and optimize the design of the large

orbital research laboratory. Eight tasks were defined by NASA to fulfill the intent

of those objectives; l,ut later, at NASA direction, efl'orts were ccmcentrated on

"Experiments and Utilization" and "Design of M,_dttlar Concepts," twc of the

original tasks. The other tasks _et'e reduced in scope or tern.inated.

The ttltimatt objectives of the pyogram were conceptt.al investigation of a fantily

of space stations utilizing the :nodular, or Imilding block, concept and integration

of a broad spcctrunl of experiments and appli, ations into this family of space
stations. The study was it follm_'-on -fl'urt to "Stud':,' of :, Rotating Manned

Orbital Space Station,' pe:f.rnied for MS(: by Lo':kheed. (See March 1964

entry.) ]

The modular cm_ccpt, as detined in thc study, could be applied to a wide variety
of missions and configur,ttions, but only six missions ttsing [our configurations

were developed:

* A 45-day mission, three-nt;,n crew, 370-kin orbit at 28.5.degree inclina-

tion; one co,npartment laboratory,

" A l-year mission, six-man crew, 37(l-kin _rbit at 28.5-degree inclination;

two conlpartnlent [;.iI)Ol'a[ory°

' A .tJ0-day mis.qon, lhl'e('- It) Sx-lnall crl.'l_,, 37{J-kin orbit at 90-degree
inclination; two compartment M)oratory.

q
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1965 • A 90-day mission, three- to six-man crew, 35 900-kin orbit at 30-degree

inclination; two compartment laboratorv.July
• A 1- to 5-year missior_, six- to nine-man crew, 370-kin orbit at 28.5-degree

inclination; interim station (six compartments).

• A 5- to 10-year mission, 24- to 36-man crew, 480-km orbit at 29.5-degree

inclination; operational station (Y configuration).

This ineestigation of the four configurations, as opposed to the study of a single

design, dictated that Lockheed utilize a conceptual study approach and reduce or

eliminate efforts not &rectly applicable to feasibility demonstration. Only major
structural and mechanical designs were produced. Detailed design was limited

to the depth necessary to ensure concept feasibility.

Two groups of NASA-furnished experiments provided the basis for determining

interior arrangements of individual stations: 85 priority I Apollo Extension

Systems experiments for the one- and two-compartment laboratories and 405

"Supplementary Applications" /or the interim and operational stations. The

experiments were briefly reviewed to define man-hour, power, weight, volume,
types of equipment, and laboratory layout requirements.

Principal guidelines were used to aid in defining the modular multipurpose space
station:

• Use of state-of-the-art equipment was emphasized, but advanced sub-

system concepts were considered and design flexibility maintained .so equipment
of advanced design could be incorporated when available and proven. In all

cases, systematic growth potential was achieved without requirements for major

developments or technical innovations.

• Utilization of identical components and equipment on as many of the

stations as po_:ble was stressed to reduce cost, complexity, and technical risk.
• Two basic structural module diameters were studied--the 465 cm and

660 era--and the advantages and disadvantages of the tw_ sizes were compared
in order to make recommendations for a final choice.

• All configurations of the modular multipurpose space station ,_ould be

latmched from Cape Kennedy by Saturn launch vehicles.

• Meteoroid and radiation environment models were specified by MSC.

Lockheed-Caiifornia Co., Condeused Summary of Final Report (LR 18906), "Modular

Multipurpose Space Station Study," 30 July 1965.

t)urlng Grumman sulmfitted to NASA its final report on a stud), of AES for Earth-orbit i

th. missions (conducted under the firm's contract for a LEM utilization study). The _ ;Month

five-volume relx_rt comprised general engineering studies, mi.xsion and configura- i

tion descriptions for different groups of experinaents (both NASA's and those for
:: the Air Force's ?_'[anned Orbiting Laboratory), and a cost and _hedule analysis.

(Grumman's basic LEM utilization study explored Potential uses _forthat vehicle _4
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The first conceptual sketch of an Orbital Workshop, based on a request from Dr.
George E. Mueller, was prepared at MSC in mid-1965.

beyond the initial Apollo lunar landing and examined several configurations, 1965
including a LEM laboratory for extended stays in Earth or lunar orbits; the LEM

shelter, an unmanned logistics vehicle to afford astronauts a separate shelter for July
extended stays on the lunar surface; the extended LEM, a personnel carrier to be
used in conjunction with the LEM shelter missions; and a LEM truck, an un-

manned logistics vehicle without the ascent stage, thus affording an even greater
payload capabilit-: to the lunar surface.) The scope of this addition to the basic

study concerned the value of the LEM lab in conjunction with the command and

service module for Earth-orbiting missions ,x_ part of the AES program. The
study included spacecraft and experiment definition, as well as cost and schedule

analyses; the description of spacecraft configurations to accommodate various

types of experiments; and an analysis of crew procedures and operational
requirements.

Grumman, Apollo Exten.6,,n S),Jtem Earth Orbit Mission Study, Final R,'port, Vol. 4,
July 1965, pp. P-I and P-2.
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PART I!

Apollo Applications Program

August 1965-February 1970

Associate Administrator for Manned Space Flight George E. Mueller advised the 1965
Center Directors at MSC, MSFC, and KSC of the establishment within the

Office of Manned Space Flight of the Saturn/Apollo Applications (SAA) Office, A_u.
which would have responsibility for both the Saturn 1B-Centaur program and _-Io
the Apollo Extension System (AES) effort. David M. Jones, Deputy Assistant
Administrator for Manned Space Flight (Programs), assumed the additional
duties of SAA Acting Director. John H. Disher, formerly Test Director in the
Apollo Program Office, was named Deputy Director.

Mueller sent Center Directors planning guidelines for proceeding with the
definition phase of the AES program, including schedules,missions, organizational
responsibilities,payload integration, and experiment definition and development.
(These guidelines envisioned a buildup to four AES missions per year 2aring
1970 and 1971.) Mueller also requested that each manned space flight center
prepare a plan for implementing the AES program definition phase based on
these guidelines and including planned procurements, facility modifications,
staffing requirements, and an assessment of tl'.edefinition program's impact on
the Apollo program.

Letter, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSC, "Saturn/Apollo
Applications Program," 10 August 1965; NASA News Rel_o.se 65-265, 6 August 1965.

As part of MSFC's activities related to the AES program, designers at the Center _0
began serious investigation of the concept of an S-IVB Orbital Workshop
(OWS). This concept, which involved "in-orbit" conversiozl of a spent S-IVB
stage to a shelter suitable for extended stay and utilization by man, showed
great potential for experiment work during the Earth-orbital phase of the AES
program. Accordingly, MSFC officials planned a four-month conceptual design
effort, to begin immediately, with help and participation from both MSC and
the $--IVB stage builder, Douglas Aircraft Company.

On 25 August, program planners met to initiate the OWS conceptual design
study. Participants reviewed previous NASA and industry studies pertaining to

47
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1965 rocket stage-laboratory ideas (essentially those as presented to the Manned

August Space Flight Management Council on 20 July 1965). These studies formed the
point of departure for the four-month OWS stud)'. Those present agreed that
serious consideration must be given to simplified versions of the Workshop to

achieve early launch dates and to hold down program costs.

A technical working group was created to oversee the conceptual design study,

with J. H. Laue as chairman. Laue divided areas of responsibility among the
group members and planned to hold biweekly meetings for the duration of

the study.

Memoranda, F. L. Williams, MSFC, to Dist., "S-IVB Orbital Workshop Design
Study," 20 August 1965; J. H. Laue, MSFC, to Dist., "Minutes of August 25, 1965,

S--IVB Orbital Workshop Conceptual Design Study Meeting," 30 August 1965.

2s At a White House news conference, President Lyndon B. Johnson announced

approval for the Department of Defense's development of the $1.5-million
Manned Orbiting Laboratory (MOL). Such a program, the President said,

would bring "new knowledge about what man is able to do in space." Further,

MOL "will enable us to relate that ability to the defense of America."

Public Papers o[ the Presidents o[ the United States, Lyndon B. Johnson, 1965, Book

II, 1 June to 31 December 196_', p. 917.

27 George E. Mueller, Associate Administrator for Manned Space Flight, requested
MSC Director Robert R. Gilruth to identify the requirements for a spacecraft

atmosphere selection and validation program to support the longer duration
phase II missions of the AES program. (Mueller's request stemmed from a

series of discussions and AES planning meetings between him and the Director

of Advanced Manned Missions Studies, Edward Z. Gray, during June and July.)

Although nominal mission duration for the phase II flights was pegged at 45

days, Mueller affirmed the likelihood that, with the conduct of rendezvous

missions, flight times for some crewmen could be as long as 135 days. Ac-

cordingly, he asked that MSC evaluate the question of spacecraft atmospheres

based upon migsion durations of 45, 60, 90, and 135 days. Mueller requested

MSC to complete the atmosphere cabin validation program expeditiously so that

results could be readily incorporated into the design of the vehicle and integrated

into mission planning.

In his reply, Gilruth stated that studies of single, as well as two-gas atmospheres

were required. Continued research on a 34-kilone vton-per-sq-m (5-psia), 100-

percent oxygen atmosphere was desirable both scientifically and operationally.
Such a cabin atmosphere was very attractive because of attendant simplicity of

the environmental control system. However, Gilruth said, recent data indicated

po_ible impairment of vital body proce.,_es that necessitated additional study to

validate the pure oxygen environment for flights of longer than 30 days. MSC ii
researchers had 3egun investigatingyarious combinations of two-gas atmospheres,
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chiefly mixtures of 50-percent oxygen and 50-percent nitrogen; 70-percent 1965
oxygen and 30-percent nitrogen; and 70-percent oxygen ,tud 30-percent helium. August
MSC had underway, both in house and under contract, engineering studies of

two-gas environmental control systems, :mcl AiResearch Corporation was already
developing such a system using as many existing command and service module

components ,ts possible. Houstot_ was also working closely with the Air Force's

School of Aviation Medicine during that agency's investigations of various cabin

atmospheres. Finally, Gilruth stated, Houston planned to hold a Workshop

conference with engineering and pulmonary physiology specialists to establish the

basis for atmosphere selection and to discuss implementation of experimental
programs.

Letters, George E. Mueller to Robert R. Gilruth, 27 August 1965; Robert R. Gilruth

to George E. Mueller, "Requirements for a spacecraft atmosphere selection and vali-

dation program," 12 Novemb*'r 196.5.

During several visits to MSC, NASA Administr.'ttor James E. Webb raised a Dua.g

number of technical and policy questions relating to programs and management thin" Monlh
practices. Webb seemed particl_iarly concerned about the difficulty of getting

the program oflic_ at Headquarters and the Centers to take an active interest

in NASA's potential influence in the national economy and world affairs. During

his second visit (20 August), he again expressed his interest in a spacecraft using

true "off-the-shelf" technology as a method of reducing costs and repeated his

belief that the time was right to begin serious study of a Saturn V space station.

Earl)' the following month, MSC Director Robert R. Gilruth scheduled planning

sessions to discuss the part MSC management might play in helping shape NASA

decisionmaking regarding the next major mission to be undertaken in the

manned space flight program. Gilruth was particularly interested in the ideas

raised by Webb during his recent visits to Houston. Gilruth stated his conviction

that any decision on the next major minion must recognize two chief constraints:
(1) maximum use of existing hardware :tnd technology and (2) maximum use of

existing NASA facilities, particularly the ntanned field centers. The MSC

Director put forth several points for consideration: what the next major missior.

should be; how Apollo Extension Systems and the Saturn V might best be

incorporated into that mission; and how Houston might divide responsibility for

workloads and program with MSFC at_d KS(: without relinquishing any of its
traditional responsibilities.

Memorandum, Robert R. Gilruth t_ Dist., "Discussi_n on Future Missions," 7 Sep-

tember 1965, with enclosure, memorandum, P. E. Purser, MSC, to Robert R. Gilruth

and G. M. Low, MSC, "Notes on Visits of Mr. Webb to MSC During August 1965/'

2 September 1965.

At Headquarters, Saturn/Apollo Applic:ttions Deputy Director John H. Disher September

formally rede_ignated Apollo l'xtension System the Apollo Applications Program. 1o
(See 6--10 August 1965 entry.)
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1965 Memorandum, John H. Disher to J. P. Field, Jr., and W. Taylor, NASA Hq, 10 Sep-
tember 1965• '_

September

13 Associate Administrator for Manned Space Flight George E. Mueller officially

informed the Directors of MSC, MSFC, and KSC of changed management

guidelines for Center roles in AES as informally agreed upon during discussions

in Washington (see 6-10 August 1965):

• MSC--responsible for spacecraft development, flight crew activities,

mission control and flight operations, and command and service modules payload

integration.
• MSFC--responsible for launch vehicle development and payload integra-

tion for all lunar excursion module AES-modified vehicles (termed "derivatives"). i

• KSC--responsible for prelaunch assembly, checkout, and launch of all
AES vehicles.

Final decision on the Apollo-type versus contractor approach for payload

integration was deferred pending results of phase I mission studies underway at

North American and Grumman and of a payload integration definition study to :!
be let by MSFC. These guidelines, said Mueller, should be incorporated into

the Centers' planning efforts for AES implementation.

TWX, George E. Mueller to MSC, MSFC, and KSC, 13 September 1965.

14 NASA selected the Perkin-Eimer and Chrysler corporations to study feasibility

of including optical-technolo_ experiments, particularly lasers and large tele-

scopes, in future extended Apollo flights. NASA was also interested in optical

communication in deep space, the effects of space environment on optical

systems, and related experiments. The program would be directed by MSFC.

MSFC News Release 65-223, 14 September 1965.

21 William B. Taylor and other Apollo Applications Program planners made a
major presentation on AAP plans to James Webb, Hugh L. Dryden, and

Robert C. Seamans, Jr., of NASA Hq. Webb made a number of comments

regarding the direction of AAP planning. He emphasized that AAP planning

must remain extremely flexible to meet not only changing mis,_ion objectives and

goals, but also broader changes in national policy, resources, and manned space i

flight objectives generally. Webb disapproved of tying any AAP schedules to a ?i
date for accomplishment of the Apollo lunar landing objective, since that goal

was not inviolate. _i :!
?

Memorandum, $. Ingrain to George E. Mueller, "AES (AAP) Presentation to Mr. :$
Webb, September 21, 1965, Afternoon Session," 24 September 1965.

During A plan for orbital space station development responsive to the research and ';

tho development needs of a broad-l)ased space exploration program was presentedMonth
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the Deutsche Gesellschaft fiir Rakententechnik und Raumfarht, Munich, 1965to

Germany. Tl;e paper ;;'_s prepared by Douglas Aircraft Company, Inc., Santa
September

Monica. The main theme ot _hepaper centered on low-Earth-orbital applications
of space stations. It suggested that the space station system would start with
limited life laboratories and euolve into extended life, continuously manned
space stations.

In the development of the space station, four major subsystems would be
required: life support, power, stabilization and control, and communications.
Of these, the life support and power subsystems would require significant
extensions to current technology.

While touching on lunar-orbital and interplanetary missions, it was indicated
that in the evolution of the space station the low-Earth-orbital missions were

of primary importance because they could accommodate applications develop-
ment, capability-engineering development, biomedical behavioral experiments,
and scientific experiments. Polar orbits would be required for cartographic,
meteorologic, geologic, and natural resources surveys. Synchronous orbits would
be useful primarily for communications, allowing continuous communications
without the necessity of vast ground or orbital relay networks.

c. J. Dorrenbacher, The Evolution o[ Manned Space Stations and Their Develop-
ment Problems, Douglas Aircraft Co., Paper No. 3633, September 1965.

The Stanford Research Institute, Menlo Park, California, performed a study During
on a manned orbital research laboratory (MORL) for Douglas Aircraft Company, th,Month
Inc., Santa Monica. Major conclusions of the study included the following:

• The MORL mission was highly desirable for the posture of the United
States in the international community. The improvement of this position would

represent, perhaps, MORL's greatest contribution to our nation.
• The greatest social benefits would come from fundamental research ex-

periments and missions that would hold promise of great economic returns.
• Economic benefits likely to accrue from certain MORL experiments

would range up to several hundred million dollars per year.
• A priority of MORL missions could be established; the highest ranking

category contained selected fundamental research experiments and Earth-oriented
application experiments arranged in order of decreasing anticipated economic
payoffs.

• The great value of an MORL_in comparison with (an) unr,_anned
orbital station(s)_resided (1) in the vast complexity of tasks a man could
perform reliably, e.g., research, and (2) in the efficiency of a nv_ in collecting

only pertinent information, again during the research phase. M" Nould provide
a unique recognition element, and any response times in_', .d in manned
experiments would be equal to real time. The reliability of sa. . experimenta-
tion that was initially very complicated could therefore be _ ed by m_nncd

missions at less than the prohibitive costs involved in unmann_. ,uissions. ,,L'__.,_G_ 1-_.....,
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1965 Stanford Research Institute, Priority Analysis o[ Manned Orbital Research Applica-

tions, Vol. 1, Summary Report, September 1965.
September

October AAP Director Williant B. Taylor named JosephG. Lundholnl to fill the newly

created position of Manager, Apollo Applications Experiments. In his new job,

Lundholna represented Taylor in all cases involving definition, development, test,

and operation of experiments for AAP missions.

Memorandum, William B. Taylor to Dist., "Apollo Applications Experiments Man-

ager," 8 October 1965.

11 In a paper presented at the American Institute of Aeronautics and Astronautics'
fourth manned space flight meeting in St. Louis, AAP D;rector William B.

Taylor described the focus and importance of the AAP. In contrast to Apollo,

with its clear objective of landing on the Moon, AAP's objectives were much

less obvious. Under AAP, Taylor said, NASA planned to exploit the capabilities

being developed for Apollo as a technological bridge to more extensive manned

space flight missions of the 1970s and 1980s. AAP was not an end in itself, but

rather a beginning to build flight experience, technology, and scientific data.

Internal studies witlfin NASA had identified the practical limits of the capab;!ities

of Saturn/Apollo systems for extended space missions without fundamental

modification of spacecraft and launch vehicles: (1) Earth-orbital missions of up
to 45 days and at inclirations of 0 to 90 degrees and altitudes of from 185 krn up

to synchronous orbits (orbital resupply could extend the duration of such missions

to three months or more); (2) hmar orbital missions of up to 28 days (including

hmar polar orbits) at altitudes as low as 45 to 55 km; and (3) lunar surface

missions of up to 14 days at an)' point on the lunar surface. Through these space

activities, stated Taylor, AAP would lay the foundation for later, major ventures

in space and thus would contribute significantly to the national goal of pre-

eminence in space.

William B. Taylor, Saturn�Apollo Application.q paper presented at the AIAA meet-

ing, St. Lot,is, 11 October 1965.

20 MSC and MSFC program officials and engineers held their first coordination

meeting on the S IVB Orbital Workshop and related Alx41o Applications

Program experiment activities. Antong the most significant results of this

meeting was a request I)v Ht)uston for inclusion of an artificial gravity experiment

its part of the S-IVB command and service module concept tff the Workshop.
MSFC officials undertook to define the feasibility of such an experinaent,

examining several po._iblc technici,I approlwhes (inch_ding cables---a concept

that MSC fimnd less than appealing). MSI"(' investigators also sought '.ielp

from LaRC, where considerable work along this line had been done as part of

that Center's MORL study program.

Memorandum, J. W. (:arter, MSFC, to Dist., "Artificial Gravity Experiment for the

S-.IVB Worksl_op," 29 October 1965.

52

1978008581-064



7

q

PART II: APOLLO APPLICATIONS PROGRAM

MSC Deputy Director George M. Low advised NASA Hq of Houston's planning 1965
schedule for follow-up procurement of Apollo spacecraft for the AAP. Based October

upon the most recent delivelv schedules for the last several command and service

modules and lunar excursion modules for Apollo, contract award for those 71

vehicles was scheduled for July and August 1966. In accordance with a 14 July

directive from Headquarters, MSC was preparing a procurement p!an for the

extended CSM and the LEM derivatives covering both the final definition and

development and operational phases of AAP. Approval of this plan by Head-

quarters, Low stated, was anticipated for mid-December, while award of

contracts for the program definition phase was set for late January 1966. The

contract award date for actual development of the extended CSM was slated for

October 1966, while that for the LEM derivatives was postponed until mid-1967
(in line with revised funding directives from Washington).

TWX, George M. Low to J. H. Disher, NASA Hq, "Follow-on Procurement of
Apollo Hardware," 21 October 1965.

Saturn Apollo Applications officials reached an understanding on several program 28-29

issues during discussion at MSFC:

• MSFC's responsibility for payload integration included coordination of

interleaving of CSM and LEM experiment requirements when both modules

carried experiments on the same mission. (Assignment of missions and experi-

ments to the respective Centers was to be made by the program office at

Headquarters.)

• The astronauts would use tethers during all extravehicular activities

except where not feasible.

• MSFC was to proceed with work on a procurement plan and a request

for proposals for two or three phase C integration contractors, with the idea that
one of the definition contractors would receive the final phase D development

contract (though no firm commitment to this course was yet made); also, con-

_.urrently with the phase C definition effort, MSFC would conduct parallel in-
house studies to better evaluate the contractors' phase C work.

Mem_)randum,J. H. Disher, NASA Hq, to Files, "AAP Discussionsat MSFC on Oc-
tober 28 29, 1965," 4 N.ve,nbcr 1965.

Saturn/Apollo Applications Deputy Director John tI. Disher summarized for November

the Director of Advanced Manned Missions those tasks of highest priority for I

supporting development during Fiscal Year 1966. Those tasks, Disher explained,
had been examined in great detail because of stringent funding constraints for

Apollo Applications during 1966 and 1967. Therefore, he had listed only those

tasks mandatory for the program's "mainstream" requirements. They included
sucL areas as low-thrust reaction control engines, structural and hatch seals,

navigation computer modifications, and study of space rescue systems.

Letter, John H. Disher to Director, Advanced Manned Missions Prt_gram, "Apollo
Application Program(AAP) Supporting Development," I November 1965.
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1965 Following MSC's receipt of the technical proposal for phase C of the AAP from
North American Aviation, Inc., covering final definition of the AAP CSM,November
WiUiam A. Lee, Assistant Manager of the Apollo Spacecraft Program Office,

16 asked several of his staft nwmbers to assist in evaluation of the proposal. Such

help, he said, would be invaluable in bringing to bear on AAP the experience

that the Apcllo office had obtained during the effort to develop the block II

lunar version of the spacecraft. The technical proposal by North American de-

scribed those tasks that the company believed were required to define the CSM

configuration and to formulate hardware specifications for the development and

ooerations phase of the program. Paralleling these effo:ts by the contractor, MSC

had established a baseline AAP-CSM configuration and had laid down several

configuration guidelines believed fundamental tenets of AAP objectives: no space-
craft modifications to achieve "product improvement" or to obtain a statistical
"mission success."

Memorandum, William A. Lee to Chiefs, Systems Engineering and Reliability _,nd

Qaality Assurance Divisions, "ASPO Assistance on review of North American Avia:_on

AAP Phase C study proposal," 16 November 1965.

18 Following formal c_:tablishment of the Apollo Applications Program at NASA Hq
(see 6 August 1965), A._sociate Administrator for Manned Space Flight George E.

Mueller recomntended to Administr,aor James E. Webb and Associate Adminis-

trator Robert C. Seamans, Jr., assignment of basic roles and responsibilities to the

field centers for carrying out the program. Ahhough such responsibilities were

delineated in the traditional manner, the new program responsibility of experi-

ment and payload integration was split between MSFC and MSC.

On 13 December, following discussions with Webb, Seamans approved Mueller's
recommended assignments of experiment management and payload integration.

Memoranda, George E. Mm.ller to Administrator, "Recommendations for Apollo Ap-

plications Program Field Center Responsibilities," 18 November 1965; Robert C.
Seamans, Jr., to Ass-ciate Administrat.r for Manned Spaceflight, "Apollo Applica-

tions Management," 13 December 1965.

la John H. Disher, Saturn/Apollo Applications Deputy Director, requested the

Manned Space Flight Management Operatkms l)irec(or to officially change the

designation of the Saturn IB/Centaur Office to Saturn Applications. This change,
Disher said, reflected the change in status of the office and provided for necessary

management of potential Suturn Applications such its the Saturn V/Voyager by

the Office of Manned Space Flight. However, on the sante day, Disher ordered

E. F. O'Connor at MSFC to halt all Saturn IB/Centaur efforts (except those

already underway that could not be rec.'tlled) and disapproved the request for an

additkmal _1.1 million for the progr:mi. (Any funds required for definition of a

Saturn V/Voyager mission, he said, would be authorized separately.)

Me,norandum, John l l. I)isher t. l)irert,r, MSF Management Operations, "Renaming
_ff Saturn IB,/Centaur ('lfliee to Saturl_ Al_plicati_ms," 18 November 1965; TWX,

John II, Disher to E. F. O'Connor, 18 Novclnber 1965,
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David M. Jones, Acting Saturn/Apollo Applications Director, solicited from the 1965

chief executives of the various companies participating in Apollo their views on November

proposed goals for the Apollo Applications Progrant. Alternative goals postulated
for AAP were (1) to explore and utilize world resources for the benefit of man- 22

kind; (2) to define and develop the operational capabilities for the next genera-

tion of space vehicles beyond Apollo; (3) to broaden knowledge of near-Earth

and lunar environmcnts; (4) to enhance the security ,,f the United States through

space operations; and (5) to develop the capability for manned flights of up to
one year.

Jones asked the executives to weigh the pros and cons of these alternative goals
and to make a qualitative assessment of the benefits which might accrue to the

American taxpayer. NASA would include these assessments in congressional hear-
ings early in 1966.

On 16 December, MSFC Directol Wernher von Braun (though not specifically
called upon to do so) responded to Jones' request for ideas. Of all the alternative

goals for AAP, von Braun said, that of exploring world resources for man's bene-

fit was by far the most important. For its manned space program, he said, NASA

cannot forever depend upon the thrill of adventure nor upon "sophisticated
truths" such as the value of spinoff results or the blessings of more scientific knowl-

edge. To place the idea of space flight firmly in the minds of the taxpaying pub-
lic, therefore, NASA must produce solid results and tnaterial benefits that are

readily visible and comprehensible. And AAP goal number one neatly combined
both broad popular appeal and true humanitarian needs. In view of the world's

population explosion, with all its attendant resulting effects, von Braun stated,

America's failure to avail itself of the vitally needed tools for a global resources

management system would be a tragic mistake. Viewed in this perspective, the

other alternative goals proposed for AAP thus became elements and stepping
stones within this broader long-range objective.

Memorandum, David M. Jones, NASA Hq, to Apollo Executives, "Apollo Applica-

tions Goals," 22 November 1965; letter, Wernher wm Braun to David M. Jones, 16
December 1965.

Associate Administrator for Manned Space Flight George E. Mueiler requested a*

of MSC Director Robert R. Gilruth that his Center identify additional Apollo
subsystems testing and the best method of conducting such tests on the basic sub-

systems of the spacecraft beyond the 14-day requirements of the Apollo lunar

mission. Mueller explained that planning for the Apollo ApF:ications Program
projected that extended mix,ions could he performed using basic Apollo hardware

and that significant advantages might be realized by testing subsystems to deter-
mine their duration limits, thereby avoiding the burden of additional test units
and test facilities.

Letter, George E. Mueller to Robert R, Gilruth, "Basic Apollo/Apollo Applications

Spacecraft Subsystem Tests," 29 November 1965. i
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1965 In response to a telegram from Deputy Associate Administrator for Manned

N¢_,rnbur Space Flight James C. Elms regarding procurement plans for the AAP, MSC
Deputy Director George M. Low described a plan being seriously considered by

29 Houston that would permit competitive procurement of follow-on Apollo hard-

ware. The plan called for awarding the phase C contract to North American to

define AAP changes to the CSM and letting what Low termed "phase-in" con-

tracts leading to proposals on how the spacecraft could be manufactured by other

companies. Upon completion of both the phase C work at North American and

the phase-in contracts with other firms, MSC would enter into competitive nego-
tiations with all parties to determine which firm sho,ld build the AAP version of

the CSM. (According to Low, it was premature to undertake a phase C defini-

tion effort with Grumman at this time, but he suggested that a competitive effort
similar to that proposed for the CSLI could be implemented somewhat later.)

Letter, George M. Low to James C. Elms, 29 November 1965.

During The Boeing Company submitted a utilization study report to MSC for the pro-

thu posed multipurpose mission module. The report was one of 13 volumes preparedMonth

by Boeing's Aerospace Group-Space Division under an MSC contract.

Guidelines observed in the study were: (1) minimum interference with the Apollo

program; (2) use of either Saturn IB or V launch vehicles; (3) laboratory to be
sized so that the one module, two modules, or one module on a LEM descent

stage could fit into an unmodified LEM adapter; (4) use of a three-man crew;
(5) capability to dock to either end of the module and to rendezvous modules;

and (6) mission lengths of 14 to 45 days, with growth capacity for longer
durations.

The study was made on the presumption of a laboratory module launched in the

LEM adapter area which would be aligned with an access hatch in the module.

An expandable airlock could also be incorporated when desn'ed. The external

envelope would be 465 cm, which would permit three modules to be placed in

the S-II stage that was 10 m in diameter; the floor to ceiling height would be

213 cm; the total pre_urized volume of the module would be 39 cu m; and tctal

floor area 16 sq m.

The module would be designed for an internal pressure of 48 kilonewtons per

sq m (7 psia) for a 180-day mission. It would weigh 1313 kg, and its support rack

would weigh 413 kg. For lower gross weights expected with Saturn IB launches,

the support rack weight could be reduced 'o 261 kg. The mvltipurpose mission

module, as proposed, would allow much flexibility in mix4ons, including forma-
tion of large space stations, and w,uld pernfit use of an assortment of internal

and extern;d equipment without affecting the integrity of the shell and reqoiring
only nfinor structural additions or changes.

A feature of the Boeing report was the section devoted to volume. It said that

"... after reserving the requirements for module subsystems, experintent report,
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and 5.6 cu m (200 cuft) for each astronaut, about 16.9 cu in (600 cuft) of pres- 1965

surized and 62.2 cum (2200 cu ft) of unpressm_zed volum_ would be available Novemblr

for experiment equipment .... " The report theti listed some of the ,_dvantages

of providing adequate pressurized volume:

• Volume Equals Economy: Maximum use of standard hardware; no rain- 1
iaturization required; allows standard subsystem modules for varying miss{ons;

protected environment simplified equipment design.
• Volume Equals Manned Participation: Equipment accessible for direct

manual operation; man's capability to participate can be evaluated.

ar_ a• Volume t_qu, Is Eificiencv: Minimum interference work-area layouts pos-

:ible; experiment setup and tear-down time reduced or eliminated; improved crew

morale increases efficiency.

• Volume Equals Re)lability: Inside equipment can be adjusted and main-

tained by the crew; equipment is protected from temperature cycles and hard
vacuum of space.

• Volume Equals Experiment Flexibility: Volume allows modular approach _-

to experiment and subsystem design; experiment substitution requires no rear-

rangement of other equipment; minimized lead time for changes.
| . o .

* Volume Equals Increased Expeciment Cap,, nlmes: Enough room for
crew movement and locomot;on tests; allows volum<, for centrifuge or double '_'

trampoline.

• Volume Equals Safety: Eliminates extravehicular activities for normal

laboratory operation.

The Boeing Co., Report D2-84010-1, Multipurpose Mission Module--Utilization

Study, November 1965.

George E, Mueller, Associate Administrator for Manned Space Flight, and MSFC o.,°,,b.,
Director Wernher yon Braun discussed MarshaU's briefing on the S-IVB Work- l

shop concept presented at Headquarters the previous day. Mueller asked that
MSFC formulate a program development plan and prese, ' ,t at the next meeting

of the Manned Space Flight Management Council. Specifically, Mueller de-

manded that the plan include experiments to be carried aboard the Wolxshop;

funding arrangements; and where dewlopment work should be done (in house,

or elsewhere). In addition, he asked that MSFC submit two such plans, one for

the unpressurized and another f:)r the pressurized version of the Work:_hop. In
effect, Mueller gave Marshall th'-' "green light" to begin the Orbital Workshop

program.

At yon Brauds request, the Workshop received the status of a separate project,
with William Ferguson as Project Manager.

Memorandum,J. T. Shepherd, MSFC to Dist., "S-IVB Workshop," 1 December 1965.

Harold E. Gartreli, Chairman of MSC's AAP mission planving task force, distrib- 2

uted within the Center extracts from a contractor study report that had been
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1965 prepared in anticipation of the request for proposals to be issued by MSFC for an

AAP payload integration contract. Gartrell voiced concern over what he callt.d aDecember

"fundament,'l question" of MSC. r_ponsibility for mission definition, the re-

quirements for spacecraft systems, mission simulations, and technical direction of

flight operations (a result, he said, of the payload responsibility at MSFC's not

being limited to development, test, and checkout of the AAP lunar excursion
module vehicle). Gartrell stated that MSC was initiating an effort during this

phase C of the AAP to define mission-spacecraft-operations requirements, thus
establishing a foundation for Houston input into the payload integration function
at MSFC.

Memorandum, Harold E, GartreU to Dist., "MSC Mission Definition Programs for the

Apollo Applications Program," 2 December 1965.

Mid-December MSC designers and long-range planners" put forth conceptual ideas on the next

logical steps to be taken in man's exploration of space. Recognizing the enormous

potential benefits to be derived from Earth resources and sensing systems---not
only for the United States, but for the entire world--those planners suggested

semipermanent manned stations in Earth orbit. The qu-stion of how this might i

be accomplished, they suggested, could be met through suitably modified AAP .

hardware and systems. Such a space station could be used as an observation plat-
form, with incalculable bencfit_ to bc derived; as a scientific laboratory in space;

and ,xsan en#neering laboratory for the development of systems for planetary ex-

plorations through inclusion of commodious living quarters and workshops. Just
,xs significant for the future, the large size of the station and crew complement

would afford unprecedented opporttmities for international cooperation in space

by inclusion of foreign scientists in the crew.

MSC, "Some Considerations _f the Future of Manned Space Flight," 14 December

1965.

2_ At the December Manned Space Flight Management Council meeting, Associate

Administrator for Manned Space Flight George E. Mueller voiced a desire to

have McDonnell examine the feasibility of using Gemini subsystems on an airlock

experiment in conjunction with the Apollo Applications Program S-IVB Work-

shop concept. Accordingly, F. L. Williams of the Advanced S/stems Office at

MSFC solicited the assistance of MSC's Gemini Program Manager, Charles W.

Mathews (since his office had prt,, urement responsibility for Gemini), in getting

McDonnell to conduct such an analysis. Williams stated that several designs
needed investigation and that, of all Gemini hardware, the environmental control

system and perhaps the fuel cells would be incorporated into the airlock design.
In order to discuss technical details, he asked whether Mathews ntight arrange a

briefing at Huntsville as soon as possible, since deadlines for presenting final ex-

periment plans to Headquarters were most pressing.

Memorandum, F. L. Williams to Charles W. Mathews, °'December1965 OMSF
Management Council l'xeeutive $essitm,"23 December1965.
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In the initial activity report outlining MSC's support to the Air Force on the 1965

MOL, Gemini Program Manager Charles W. Mathews summarized activity to December

date. He cited receipt on 20 November 1965 of authority to transfer surplus

Gemini equipment to the MOI. project. Since that time, he said, MSC had de- 29

livered to the Air Force several boilerplate test vehicles and _. variety of support
and handling equipment. MOL program officials and ,astronauts had also visited

Houston for technical discussiom and briefings.

Memorandum, Mathews, MS(], to Director, "Weekly Activity Report Number 1 on

NASA Manned Spacecraft Center, Support to the USAF Manned Orbiting Labora-

tory Program (December 13--17, 1965))' 29 December 1965.

As.sociate Administrator for Manned Space Flight George E. Mueller advised 29

John H. Disher, Deputy Director of Saturn/Apollo Application¢, that, in prepar-

ing NASA's AAP budget statement for Fiscal Year 1967 for presentation to Con-

gress, he wanted to l_-sen emphasis upon AAP's value in working out operational

capabilities required for the next major step in manned space flight. The con-

gre_sional statement, Mueller said, should emphasize the importance of continuity

in manned space flight and should explain the lead times involved in such efforts.

Mueller asked Disher to prepare an analysis of total costs versus year of com-

pletion for the operationally oriented program for inclusion in the budget
statement.

Memorandum, John H. Disher to J. P. Field, Jr., "Saturn/Apollo Applications Pro-

grant FY 67 Budget Statement," 29 December 1965.

The Advanced Mimions Division, Manned Space Science Program, in the Office During
of Space Sciences and Applications, rele,'t_cd ,et,tils of experiment proposals sub- th,Monlh

mitted by teams of potential expt'_imenters for the immediate post-Apollo Earth-

orbital ph,_e oi" maimed space exploratitm, as part of the AES program. As well
as detailed descriptions of ,'he xariou.¢ scientific experiments themselv_, the report

examined the justification lot AES in relation to other space programs, mission

objectives, operationa_ _onstr,aints, and long-range plans and goals.

Advanced Missions Division, "Preliminary Missitm Definition for Post-Apollo Manned
Exploration of Space, Manned Earth Orbital Missions," Part II, Revised Submissions

from Potential Experimenters, December 1965.

Homer E. Newell, A._sociate Administrator for Space Science and Applications, 1966

announced opportunities for study grants to cotnpctcnt astronomers for conceptual

:md preliminary design work leadinq to instruntentation to be flown in the 1969- J,nu,_
1975 period. A de_ription of the Apollo telescope mount was included. I

Letter, Homer E. Newell to Dist., I January 1966.

KSC annt_unced appointment of John P. Claybourne as Chief of the newly ere- t-_

ated Future Studies Office within the KSC Engineering and Development Direc-
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1966 torate. Claybourne's office has assigned responsibility for overall planning and

coordination of the Center's studies in this area, which would paralld continuingJanuary
development of Apollo-Saturn and Apollo Applications programs at MSFC and

MSC. John G. Shinkie succeeded Claybourne as Deput} Director for Plans, Pro-

*. grams, and Resources.

Spactport News, Vol. 5, 6 January 1966, pp. 2-3.

6 In a letter to the Associate Administrators for Manned Space Flight, Space Sci-

ence and Applications, and Advanced Research and Technology, NASA Deputy
Administrator Robert C. Seamans, Jr., queried them on several alternate ap-

proaches for experiment payload planning for AAP. His inquiry was prompted

by discussions with several individuals from RCA, who suggested a novel approach
for NASA to interest the scientific community in NASA's programs through direct

participation in the development of scientific equipment. A central problem was
the difficulty inherent in incorporating science payloads into such a complex pro-

gram as AAP, especially in meeting well defined schedules. Because most teams

of university-based scientists were not sufficiently experienced in fabrication and

testing to assume this "cradle-to-grave" r_ponsibility for experiment development,

the RCA spokesmen put forward the concept of mission-optimized space labora-

tories wherein actt_M payload integration planning would occur very early in the

hardware planning stage, before an)" actual devek,pment was undertaken. In this
manner, logical broad-purpose groupings of laboratory equipment would appear.

Such an approach, they contended, would afford significant payload weight and

volume reductions and cost benefits. Also, standardization of equipment and

sensors would simplify gready the integration task per se.

Mueller replied to Seamans on 12 April. He compared RCA's suggested ap-

proach-broad-purpose laboratories that could be adapted to individual missions
by addition of special sensors--to NASA's present method of experiment planning

and development; i.e., Principal Investigators who were individually responsible

for all ,_spects of experiment development, including sensors. The present NASA

approach, Mueller contended, generated a technical continuity by competent

scientists and engineers, thus paying off in "good" science returns from flight

missions. He admitted, however, that the Principal Investigators approach de-

manded the commitment of scientists to their projects over quite lengthy periods
of time. The approach therefore tended to limit the number of experiment pro-

posals received (a trend already encountered in the medical and behavioral fields,

MueUer noted). In fact, most experiment propo_ls in these areas came from "in-

house" sources, while only a few were received from the scientific community.

Further, the Principal Investigators approach tended toward duplication of in-

flight operations and equipment. Mueller admitted that tLe RCA full-laboratory

concept had some merit, especially in producing the maximum number of experi-

ments per mission and in fostering early experiment program planning. However,
it tended to remove ._:ientist.s and engineers from the mainstream of experiment

development, which could result in io._sof continuity over long developmental

periods.
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Mueller put forth a third approach that lay between NASA's present program 1966

and the RCA proposal. It w_s similar to the RCA scheme except that NASA Jonuory

could accept experiments on an individual basis as presently done. The Principal

Investigator, while fully responsible for experiment procedure and for data anal-

)'sis and publication, would also mrve ,as consultant to NASA during development
of experiment equipment and crew training. But the NASA experiment payload

integration center would oversee the effort to integrate experintents into the con-

figured inflight laboratory. Mueller obsetwed that NASA was in fact moving

toward this middle road in the manned space flight program. The medical and

behavioral experinaents were already being planned for configuration into space

laboratories, he noted. Nor were the three approaches mutually exclusive.

Through "judicious" integration of experiments and minion objectives, Mueller

prophesied that NASA could evolve from its current approach to the full-labora-

tory concept in harmony with the agency's space flight capabilities.

Memoranda, Robert C. Seamans, Jr., to Associate Administrators, "Alternative Ap-

proach to Experiment Payload Planning on Apollo Applications Program," 6 January

1966, with attachment, [RCA,] "An Alternative Approach to Experiment Payload

Planning on Apollo Applications Program"; George E. Mueller to Deputy Adminis-

trator, "Alternative Appr(mches to Experiment Payload Planning on Apollo Applica-

tions Program," 12 April 1966.

MSFC issued requests for proposals to the aerospace industry for definition studies 14

of integrating experiment hardware into AAP space vehicles--i.e., payload inte-

gration in the Apollo lunar module, the Saturn instrument unit, and the S-IVB

stage of the Saturn IB and Saturn V launch vehicles. Fo}lowing evaluation of

the proposals, MSFC would select two or more firms for negotiation of nine-

month stud), contracts to be managed by Htmtsville as the Center responsible for

payload integration of this portion of AAP. (MSC was responsible for payload

integration of the Apollo CSM.)

NAo..'_ News Release 66-14, "Definition Studies Sought for Apollo Application;

Missions," 14 January 1966.

In a note to Apollo Director Samuel C. Phillips, Staff Assistant Leonard Reiffel 14

pointed to a number of weakne_es in the organizational structure of the Manned
Space FF.ght Experiments Board and suggested several ways in which the Board

might be made less cumbersome and more effective. Reiffei suggested beefing up

the board's influence in decisionmaking on experiments; improving the quality of

briefings and technical support to the board; and improving communications and

coordination between the board and the NASA program offices, as well as the

Department of Defense. (See entry 21 March 1966.)

Memorandum, Leonard Reiffel to Samuel C, Phillips, "Comments on Functionsand
Operation ot the MSFEB," 14January 1966.

The Space Science Board of the National Academy of Sciences issued a report 16

outlining researt:h objectives in hmar and planetary exploration for the 1970s and

61

1978008581-073



I
SKYLAB: A CHRONOLOGY

1966 early 1980s. (THe report, first of a series entitled Space Research: Directions [or
the Future, had been prepared by a group of scientists and engineers led byJonuory
Gordon J. F. MacDonald of the University of California, Los Angeles.) The
report affirmed earlier recommendations by the Space Science Bored to NASA
that unmanned exploration of Mars should Itave first priority in the post-Apollo
space era. Secondary importance was assigned to detailed investigation of the
lunar surface and to unmanned Venus probes. Clearly, the report reflected a
predominant mood within the scientific community that scientific research in
space take predominance over manned programs whose chief objectives, said
the report, were "other than scientific."

National Academy of Sciences news release, "Space Scientists Recommend Post-Apollo
Research Goals," 16 January 1966.

27 For planning information and as a challenge to the space agency, Senator Clinton
P. Anderson, Chairman of the Committee on Aeronautical and Space Sciences,
outlined his views and those ot other members of the Committee regarding

NASA's space goals in the post-Apollo period. In a letter to Administrator James
E. Webb, Anderson conceded the significant national import of space exploration
and research, particularly as it stren_hened the nation's scientific and technical
competence and contributed to America's position of world leadership. Although
new space projects inevitably hinged on the results of existing programs, he told
Webb, NASA must be prepared to move on to other programs without inter-

ruption once the Apollo program was completed. While the exploitation of Apollo
hardware in AAP had real validity, "NASA should not continue such exploitation

so long into the future that it prevents the development of new systems."

Letter, Clinton P. Anderson to James E. Webb, 27 January 1966.

2z Jesse L. Mitchell, Acting Director of Physics and Astronomy Program_, solicited
proposals from MSFC, MSC, LaRC, and Goddard Space Flight Center regard-
ing the creation at their Centers of a project ,ffice for the Apollo telescope mount.
(Mitchell's action followed visits by several staff members from his office to each
of the candidate locations during which stress was placed on a ",sound and effi-

cient, yet, imaginative project management team . . . in view of the short de-
velopment time available to meet the expected launch opportunities.") Mitchell
called for statements that included technical and management plans, procurement

arrangements, schedtfles, and resource requirements.

TWX, Jesse L. Mitchell to MSFC, LaRC, Goddard Space Flight Center, and MSC,
27 January 1966.

2e In a letter to MSC Director Robert R. Gilruth, George E. Mueller, Associate
Administrator for Manned Space Flight, summarized his views of specific AAP
objectives within the broader context of future manned space flight and national

, space goals. AAP, Mueller stated, would provide a foundation for the next
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This concept, indicating extravehicular activity accommodationsfor either the Gem-
ini spacecraftor Apollo command ,_ndservice modules, was submittedto NASA
in January 1966by Do_las Aircraft Company, Inc. It was par: of a report on
the orbital S--IVBspent-stageexperiment support mod_defeasibilitystudy.

major American space effort. Specifically, AAP would provide the expe_ence of 1966
extended lunar explorations and long-duration manned operations in Earth orbit January
through resupply and in-orbit _embly. Thc_ objectives he saw ,as "logical
extensions of the planned Gemini and Apollo accomplishments" that would con-
tribute significantly to the broader goals of United States preeminence in space
and of using space for the benefit of mankind. /Vluellerforesaw that AAP could
be shaped to achieve a number of benefits and applications:

• Improved weather forecasting with attendant benefits for agriculture and
industry

• Improved communications satellites through periodic manned ntaintenance
• Improved Earth re_urces remote sensing and management
• Solution of air pollution problems
• Establishment of ,xstronomical observatories in space ,'rodon the Moon

to explore fundamental questions of the origins on the mlar system and of life
on Earth

• Research in the hard vacuunt of space on specific materials technology
aqd processes

And, finally, Mueller prophesied that AAP could support tlae international lx,sture
of the United States through advances in science and technology and would
strengthen America's national _curity.

Letter, George E. Mueller to Robert R. Gilruth, 28 January 1966.

Douglas Aircraft Company submitted a summary report to LaRC covering the ae- oua.g
tivities of three phases of the MORL study, General objectives of the MORL' Month
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1966 study were to (1) establish the feasibility of a manned research l_boratory; (2)
determine the required level of technical, logistic, and economic supT_rt; and (3)

January

define a realistic space station program responsive to the needs of NASA and other

government agencies in particular and the scientific communit.v in general.

The three phases of the study were

• Phase I (June-September 1963)--System Comparison and Selection
Study of a MORL

• Phase IIa (December 1963-November 1964)--Optimization of the
MORL System Concept

• Phase IIb (December 1964-February 1966)--Development of the MORL

System Udlization Potential.

The feasibility of launching, operating, and maintaining a manned research labo-

ratory was demonstrated in the Phase I study, and NASA selected one of the con-

cepts investigated for further study.

During the Phase IIa effort, the MORL concept was optimized to satisfy the re-

quirements of a single, low-altitude, low-inclination orbital mission. This part
of the study resulted in definition of an MORL concept that became the "base-

line" system for the Phase lib study. The major system elements of the baseline
included: (1) a 660-cm-dianleter laboratory launched by the Saturn IB into a

370-kin orbit inclined at 28.72 degrees to the equator; (2) a Saturn IB-launched

Apodo logistics vehicle, consisting of a modified Apollo command module, a
service pack for rendezvous and reentry propulsion, and a multimission module for

cargo, experiments, laboratory facility modification, or a spacecraft excursion
propulsion system; and (3) supporting ground systems.

The prime objective of the MORL Phase lib study was to examine the utilization i

of the MORL system concept for accomplishing an expanded spectrum of space-

related objectives typifying research programs of the 1970s. During this phase, !
Douglas was associated with several subcontractors whose areas of effort were as i

follows: Eclipse-Pioneer Division of Bendix, stabilization and control; Federal

Systems Division of IBM, communications, data management, and ground sup- i

port systems; Hanfilton Standard Division of the United Aircraft Corporation, !

environmental control/life support; Stanford Research Institute, priority analysis i
of space-related objectives; BXsett-Bel.uan, oceanography; Marine Advisors,

oceanography; Aero Services, cartography and photogrannnetry; Marquardt,

propulsion; and TRW, propulsion.

A thorough review of the MORL system was conducted to identify potentially

critical research and technology requirements. These requirements were con-

tained in the NASA-defined research and technology categories:

* Reser,rch---An activity directed toward an increase in b,_sic scientific or

engineerin_g knowledge.
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• Advance Technology--Thoseactivitiesrequiredto advancethe statcof 1966

thcartinthefieldofmethodsand techniquesthroughtheapplicationofscience Januofy
and engineering.

• Advance Development--The activity of developing subsystems or com-

ponents recognized to have long development lead times.
• Supporting Development--Those activities leading to the development of

backup or alternate systems, subsystems, components, and fabrication or testing

techniques.

The activities were further divided into the following technological categories.
(1) Astronautics dealt with the problems of space flight, including aerothermo-

dynamics, flight mechanics, vehicle dynamics, and navigation, as well as design

criteria of a general nature. (2) Biotechnology considered the relationship of man

to the vehicle, the environment, and the mission, including the environmental

control and life support subsystem, crew environment criteria, crew systems, and

crew training. (3) Flight Technology included communications, telemetry, and

data processing subsystems. (4) Control Systems consisted of the technologies
associated with direction and orientation of the laboratory such as guidance,

stabilization and control, and reaction control. (5) Structures dealt with items

pertaining to the mechanical design of the spacecra[t, including materials tech-

nology, mechanical systems, and manufacturing and assembly techniques. (6)

Power included the production, conditioning, and distribution of electrical power.

The summary listed a number of tasks that had been identified within the afore-
mentioned 10 categories, including some considered as _tpplicable for the Apollo

Applications Yzogram. (For a list of these tasks, see Appendix 7.) Analysis of
development problems in the program suggested that the critical functional sub-

systems were stabilization and control, environmental control and life support,

and electric power.

Douglas Aircraft Co., Summary Report 8M-48822, Report on the D#velopra#_t o/
The Manned Orbital Research Laboratory (MORL) System Utilization Potential,

January 1966.

MSFC submitted its response to the call from Headquarters for project manage- February

ment proposals for the Apollo telescope mount (ATM). The plan summarized 11
Marshall's developmental work on ATM-type systems so far and contained spe-

cific technical and managerial concepts for implementing the ATM project. Of

all its inherent strengths and capabilities, the Center emphasized the talents con-

centrated in the Research Projects Laboratory under Ernst Stuhlinger, the scien-
tific arm of the Center.

MSFC, "Apollo Telescope Mount Project Proposal," 11 February 1966.

Edgar M. Cortright, Deputy Associate Administrator for Space Science and Ap- I_,

plications, testifying before the House Committee on Science and Astronautics'
Subcommittee on Space Science and Applications, stressed selectivity in planning
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1966 the space science program: "We have been looking at Apollo applications for
some time to identify those areas of scientific activity where the man can be a realFebruary
asset to the experiment, and the areas that interest us most are astronomy; natural
resources, which is looking down at the earth with various detectors; biology,
which is concerned with long-duration weightless flight, from both a fundamental
biological point of view and in preparation for longer flights; and of course con-
tinued lunar exploration."

U.S. Congress, House, Subcommittee on Space Science and Applications of the Com-

mittee on Science and Astronautics, 1967 NASA Authorization: Hearings on H.R.
12718 (Superseded by H.R. I4324), 89th Cong., 2d sets., 1966, pp. 57-59.

le Testifying before the House Committee on Science and Astronautics Subcom-
mktee on Manned Space Flight, Deputy Administrator Robert C. Seamans, Jr.,
described three basic elements in NASA's AAP effort:

• Extension of orbital staytimes to 45 days or more through minor modifica-
tions to the present Apollo system.

• Procurement of additional spacecraft and launch vehicles for follow-on
flights beyond the present Apollo schedule.

• Utilization of Apollo vehicles during the 1968-1970 time frame if the
agency's most optimistic Apollo schedules were realized.

"We cannot today look toward a permanent manned space station, or a lunar
base, or projects for manned planetary exploration," Seamans stated, "until our
operational, scientific and technological experience with major manned systems
already in hand has further matured."

Ibid., pp. 5-6.

=s Maurice J. Raffensperger, Director of Manned Earth Orbital Mission Studies at
NASA Hq, summarized the outcome of discussions and agreements between
Washington and the Centers regarding the S-IVB Workshop project:

• MSFC had overall responsibility for the Workshop system design and
integration, with a design objective of a 30-day flight capability.

• The Gemini office at MSC had contractuM and design responsibility for
the airlock module, using b,xsic Gemini components where feasible. (It was an-
ticipated that McDonnell Aircraft Corporation would be the logical contractor.)
Also, MSC would manage the CSM portion of the Workshop concept.

• MSFG was responsiblefor implementing the S-IVB Workshop experiment
program and integrating experiments into the Workshop.

Raffensperger called for compilation of a Workshop planning document (some-
!. mlng like a short version of a preliminary project development plan) so that

NASA Hq could proceed with steps for authorization ,and definitive implemen-
tation of the project.
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TWX, Raffensperger to MSFC and MSC, "Saturn S-IVB Workshop Experiment," 1966
25 February 1966.

February

In an informal note on AAP planning to Jame_ C. Elms, Deputy Associate Ad- M°,_h
ministrator for Manned Space Flight, AAP Deputy Director John H. Disher sug- 1
gested a number of operational objectives that he believed should be essential
elements within the program: manned operations in synchronous and high-
inclination Earth orbit; manned orbital assembly and resupply; crew transfer in
orbit; extended Earth-orbit mission duration capability; extended lunar explora-
tion; and conduct of a broad range of operational, scientific, and technological
experiments in space.

Memorandum, John H. Disher to James C. Elms, I March 1966.

Associate Administrator for Manned Space Flight George E. Mueller acknowl- s

edged receipt from Joseph F. Shea, the Apollo Spacecraft Program Manager at
MSC, of a detailed technical description of MSC's plans and development prog-
ress toward developing a landing rocket system for Apollo. (MSC had undertaken
this effort some months earlier at Mueller's specific request.) MueIler advised
Shea that he had asked AAP Deputy Director John H. Disher to work closely
with Shea's people to devise a land landing system for AAP built on Houston's

effort for Apollo.

Letters, C,eorge E. Mueller to Joseph F. Shea, 3 March 1966; Joseph F. Shea to
George E. Mueller, [late January or early February 1966].

A team of engineers from Douglas Aircraft Company, headed by Jack Bromberg, 9

presented a technical briefing and cost proposal to Associate Administrator for
Manned Space Flight George E. Mueller on the company's design on the aidock
for the AAP. Mueller observed that Douglas' idea for a 30-day capability seemed
technically sound. He expressed strong interest in the AAP spent-stage experiment
because it would establish a solid b,x_isfor space station requirements and defini-
tion. However, he cautioned that he had not received definite approval from
either the Administrator, James E. Webb, or his deputy, Robert C. Seamans, Jr.,
on the spent-stage concept and admitted that he had "some selling to do."

Memorandum for record, H. E. Pitcher, Douglas, "Aidoek Presentation to Geo.

Mueller," 11 March 1966.

MSC planners drew up and submitted to NASA Hq the Center's procurement 11
plan for an S-IVB Workshop experiment support module. The components of
such an experiment comprised an Apollo CSM, an S-IVB stage, and a support
module interconnect, which MSC proposed to award to McDonnell for develop-
ment. MSC Director Robert R. Gilruth urged speedy action on the proposal and
by the contractor becat,se of the necessity for early definition of hardware inter-
faces, as well as impending ph,xseout of the Gemini and subcontractor efforts.
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1966 Letter, Robert R. Gilruth to S. A. Cariski, "Procurement Plan, S-IVB Workshop

ExperimentSupport Module," 11March 1966.
March

11 At Headquarters, the directors of the program offices presented to Deputy Ad-
ministrator Robert C. Seamans, Jr., and members of the Administrator's top staff

" a joint briefing and summary of NASA's total agencywide AAP effort. In re-

viewing their presentation, Seamans emphasized three cardinal tenets regarding

AAP planning:

(1) The Apollo lunar landing remained the top priority and must not be

compromised by any AAP activity.
(2) All changes to any Apollo hardware for AAP missions had to be ap-

proved personally by either the Administrator or Seamans. Consequendy, all

mission planning had to be precise and definite and would be referred to Webb
or Seamans for action or approval. All procurement actions would be handled
in the same fashion.

(3) The directors were to devise "a clear and defensible rationale" for AAP
missions.

Seamans reportedtoAdministratorJames E. Webb thebasicfindingsofthe II
March review:

• Largely because of limited resources, the pacing item in AAP was selec-

tion and development of experiments and packages to meet the earliest possible

flight dates. (Although many possible experiments were being studied, only two

minor AAP experiments so far had actually been committed to development.
Also, some alternatives, such as use of Gemini and Apollo experiments and in-

house development of experiment packages, had been examined with an eye

toward early experiment availability.)

• Threz leading candidates existed for alternate AAP missions: (1) an exten-

sive lunar mapping program (beyond the needs of Apollo) ; (2) adaptation of lunar

mapping equipment for Earth survey (though "serious interagency problems" had

to be resolved before such a mission could be planned in detail); and (3) the
ATM which, because of its scientific value and compatibility with the basic Apollo

system, had received top priority for definition and development by the Office of

Space Science and Applications (however, serious fiscal problems remained in
light of the ATM's estimated total cost of about $69 million).

Memorandum,Robert C. Seamans, Jr., to Dist., "Apollo ApplicaticnsProgram," 30
March 1966.

12 MSC submitted to NASA Hq for approval the procurement plaJ, for a multi-
mission fuel cell ,assembly for the Apollo spacecraft. Such an advar._ed electrical

power plant was necessary, explained Center Director Robert R. Gilruth, in order
to sup0ort long-duration missions. The Center proposed to negotiate with three
know,, _uel cell contractors, General Electric Company, Pratt and Whitney

Division of United Aircraft Corporation, and Allis-Chalmers Manufacturing
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Company, for the effort. Four days later, Gilruth wrote Associate Administrator 1966

for Manned Space Flight George E. Mueller setting forth in detail MSC's plans March

for f'ad cell development and production, including the recent decision to furnish
the fuel cells to AAP contractors as government furnished equipment.

Letters, Robert R. Gilruth tu 8. A. Cariski, NASA Hq, "Procurement Plan, NASA

Multimission Fuel Cell Assembly (FCA)," 12 March 1966; Robert R. Gilruth to

George E. Mueller, 16 March 1966.

Saturn/Apollo Applications Deputy Director John H. Disher requested that his 14
staff study payload capabilities of the Saturn IB to place AAP spacecraft and
modules into low-altitude orbits of various inclinations. This part of the AAP
definition effort, Disher said, would be used for evaluating the operational trade-
offs in the general goal of achieving a high-inclination orbit operational capability
in AAP.

Letter, John H. Disher to G. M. Anderson, NASA Hq, "High-Inclination Orbit Per-

Iormance Studies for SAA," 14 March 1966.

Homer E. NeweU, Associate Administrator for Space Scietace and Applications, 17
asked for approval of the ATM project from Deputy Administrator Robert C.
Seamans, Jr. The ATM, Newell explained, was based on an engineering and
definition study effort completed 1 April by Ball Brothers Research Corporation,
as well as evaluation of the concept by four NASA Field Centers---LaRC, God-
dard Space Flight Center (GSFC), MSFC, and MSC.

The Ball Brothers Research Corporation study had been let in September 1965,
said Newell, to determine means of providing an accurate pointing capability for
high-resolution solar-oriented telescopes aboard an Apollo spacecraft. Further
impetus to ATM had come from the agency's cancellation of the Advanced
OrbititLgSolar Observatory at the end of 1965. The ATM, he said, provided the
means to obtain high-resolution data about the Sun during periods of maximum
.solaractivity and served as a basis for evaluating ability to operate as an essential
element within a complete manned space science system

The need for quick project approval and hardware development had been recog-
nized by all participating parties, Newell explained, and Goddard Space Flight
Center, MSFC, and MSC had all expressed "deep interest and desire" to man-

age the project. However, after review within his t;._ce, he had decided to select
Goddard as the most suitable location for development of the ATM. Accordingly,

he asked Seamans to approve the project development plan.

Letter,HomerE. Newellto DeputyAdministrator,"Establishmentof the ApolloTele-
scopeMount (ATM)Project,"17 March 1966,with enclosure,"ATM ProjectAp-
provalDocument"[n.d.].

Gemini Program Manager Charles W. Mathews urged upon Edward Z. Gray, la
Director of Advanced Manned Missions, the necessity of proceeding immediately
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1966 with certain phases of the S-IVB spent-stage experiment effort, particularly the

McDonnell procurement for the spent-stage experiment support module and theMarch
North American study of modifications to the CSM. The situation at McDonnell

was especially acute, said Mathews, because of impending phaseout of the

Gemini program; also, certain information on the CSM was needed to define the
efforts of both contractors on interfacing and spacecraft modifications. In view

of these factors, Mathews asked Gray for approval to proceed with the definition

and study efforts.

Memorandum, Charles W. Mathews to Edward Z. Gray, "Need for decision to proceed

on S--IVB Spent-Stage Experiment," 18 March 1966.

Tlw figures above present two comparisons of the total amount of space available
for crewmen to work in the ApolIo/SLA Workshop (to the left in each illustra-
tion) and the Air Force Manned Orbiting Laboratory. Fhe MOL space could

be expanded downward, using more of the empty propellant tank space in the
launch vebk:le.

21 A report by the Military Operations Subcommittee of the Ho,, e Committee on

Government Operations recommended combining NASA's A allo Applications

Program with the Air Force's Manned Orbiting Laboratory. "Inasmuch as both

programs are still re.arch and development projects without definitive opera-
tional m!_ions," stated dw Committee's rep_rt, "there is rcamn to expect that

with earnest efforts both agencies could get together on a joint program incorpo-

rating both unique and similar experiments of each agency."

U S. Congress, |louse, Mhffle and Spao, Ground Support Operation._: Twenty.third

Report by the Committee on (;rJvetnment Operations, 89th Cong., 2d sess., 21 March

1966, H. Rept. 1340, p. 46
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By an zgr. ement NASA and DOD created the Manned Space Flight Experi- 1966
ments Board as a means of coordinating experiment Nograms on NASA and March

DOD space flights. The MSVEB, headed hv the NASA A_sociate Administrator

for Manned Space Flight, lind rcspunsibility for zt:commending approval or dis- 21 i

approval of candiJate experiments; assigning experiments to specific flight pro-

grams; recommending relative priorities to experiments t_ be implemented; and

reviewing the status of approved experiments.

NASA Management Instruction NMI I154.4A, "Manned Space Flight Experime
Board," 21 Maich 1966.

NASA released the first AAP schedule. It envisioned 26 _aturn IP- and 19 Saturn V 23

AAP launches. Among these would be three "S-IVB/Spent-.ttage Experiment

Support Modules" (i.e., "wet" Workshops), three Saturn V-boosted orbital

laboratories, and four Apollo telescope mounts. The initial AAP latmch was

slated for April 1968. The schedule was predicated upon noninterference with

the basic Apollo lunar landing program, minimum modifications to basic Apollo

hardware, and compatibility with existing Apollo launch vehicles.

Apollo Applications Program Schedule ML-4, NASA Hq, 23 March t9_.6.

MSFC Director Wernher von Braun appointed Leland F. Belew a_ Manager of 24

the MSFC Saturn/Apollo Applications Program Office and Stanley M. Reinartz

as Deputy Manager. Establishment of the Saturn/AAP Office at MSFC was

officially approved by the NASA Administrator on 27 June.

Letter, G. E. Muellcr, NASA Hq, to Wernher von draun, 1 July 1966.

In a lengthy letter to A_sociate Administrator for Manned Space Flight Gcorg,'. E. 2s
Mueller, MSC Dire_ :or Robert R. Gilruth expre._sed mb:givings concerning certain

aspects of AAP planning. Gilruth questioned whethe_ the existing AAI' repre-

sented the best approach to the future of manned space flight. Regardi.ag AAP

per se, he noted the desirability of continued use of \pollo hardware and facifities.
Gilruth's areas of concern were the lack of a definite goal for the future of manned

space flight; programming arotmd a la-nch 1;.:e exceeding that for Apollo; and

the use of Apollo hardware fox purposes significantly different flora the origiLtally
intended use, thus forcing unsound engineering changes. AI_, the MSC Director

expressed his concern over the many changes iil AAP plans (caused largely by

the steadily contracting AAI' budget), which, he said, "bare caused dive_i_m

of management attention and effort . . . from the mainline programs." Gilrvth

then mapped out what he believed presentrJ a more realistic AAP structure and

direction, empk_, izing foremost the use of Apollo hardw,tre with only minimal

modifications (especially for the two Apollo spacecraft), and called for early

definition of the next manned space flight program. Finally, he pointed again to

what he believed was a mismatch between proem AAP planning, the various

opportunities for manned space flight, and re_ .rces available for the program.
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1966 As presently structured, Gilruth stated, AAP would merely maintain the rate cf

M°_ch production and flights of Apollo. "Mereh" doing this," he concluded, "without
planning for a new major program, and without si._niticant research and develop-

ment as part of AAP, will not maintain the momentum we have achieved in the
manned spaceflight program." (See 15 April 1966.)

Letter, Robert R. Gilruth to George E. Mueller, 25 March 1966.

Ap,il Acting upon authority granted by Headquarters and approval of MSC's state-

ment of work, Kenneth S. Kleiltknecht, MSC: Gemini Program Deputy ManagEr,5

informed officials in W_shington and Huntsville that Houston had presented re-
quests for proposals to I)ou',las, Grumman, and McDonnell to undertake defini-

tion studies on the Saturn S-IVB spent-stage experiment support module

(SSESM). Stud) con:racts were i._sued 18 April. The co_,tractors were ordered

to submit definiti,'e statement.s of work withi.n 60 days proposing a fixed price for

one module (with an option for three additional modules). Under these initial

study contracts, spacecraft hardware already flight-qualified would be used wher-

ever practicable.

Letter, R. R. Gilruth, MSC, to G. E. Mueller, NASA H_ "Saturn IVB spent stage

experiment support module," 1 April 1966.

9 In response to a request fi'om Deputy Administrator RobErt C. Seamans, Jr.,

Saturn/Apollo Apelications Deputy Director John H. Disher ,'tsked Jerry McCall,

MSFC Deputy Direct,,r for Research and Devel,-,_mellt Gperations, to prepare
cost and schedule estimates for MSFC to integrate the ATM with the LEM. This

request stemmed from a desire by the Office of Space Science and Applications

(OSSA) to acquire ATM experiment data during ul-conailag periods of maximum
solar activity. Disher listed guidelines for the MSF(: estimates:

• OSSA-desired flight dates were April 1968, February 1969, and FEbruary
1970.

• Goddard Sp_,ce Flight Center would be reslx)nsiblc for development of

experiments aboard the ATM, as well as for the ntounting structure and thermal
provisions.

• MSFC wottld be responsible for development of modification kits to con-

vert an Apollo hmar-landin_-c(mfigured LEM to an AAP laboratory configuration

(including provisions for reuse after three to six months storage in orbit); for
development of interface modificati,n kit:_needed to integrate the ATM and its

experin'cnts with the A.\P LEM lal._:)ratory; and for instal!ation of the modifica-

tion kits and the ATM svs:ent in the I,EM at KS(: prior to checkout and launch.

!n additicm, Dishcr t_Id .McCall that MSFC should examine two approaches to

,VI'M LEM integration. (1) gimbal mounted and (2) hard mounted with pro-

visions for nlomentum transfer fiw fine poi,ating ctmtrol.

I,f_tter, John 11. Disher it) Jerry McCall, 9 April 1366.
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MSC awarded a cost-plus-fixed-fee contract to the Allis-ChahrJers Manufacturing 1966

Company tt_ devel_p and teq _evera] fuel cell systems for po._ible use on AAP April

spacecraft. Allis-Chalmers completed the project at the end of September 1966

but MSC issued a request for proposal fov continuing the research effort to adapt la
thc fitel cell to ch,tnging AAP requirements.

Mem.randt,m, D. W. Lang, MSC, t- W. L. Hjornevik, MSC, 6 December 1966.

At a news conference in Colorado, NASA Administrator James E. Webb stated 1,t

that the AAP would be hampered by a lack of payloads unless Congress granted

additional funds in the Fiscal Year 1968 budget. Efforts to obtain appropriations
for post-Apollo project_ were hindered by rising costs of the Vietnamese conflict

and congressional discontent with NAS:Vs increiL4ng administrative costs. Asked
about the House Government Operations Committee's suggestion that NASA

abandon AAP and participate in the Air Force's Manned Orbiting I,aboratory

program, Webb denied that "'complete common use" of facilities was possible.
He noted that mai;v countries in which the United States had tracking facilities

would not cooperate if those installations were used for military projects.

D,uver Post, 15 April 1966.

MSC Director Robert R. Gilruth s_mmaarized Houston's position expressed during is ,
discus4ons with Associate Admiidstrator for Manned Space Flight George E.

Mueller two days earlier. Gilruth cited NASA's need for a manned space flight
goal other than "l,sing Apollo hardware" (and suggested a Mars flyby or landing

mission as an in-house focus for phmning.) Also, he repeated his concern over the

imbalance between AAP goals and resources, as well as the extent of engineering

redesign and hardware moJi._-ation that had been forced upon the project.

Though expressing his and " s desire to contribute to anti be a part of AAP,

Gilruth voiced concern that the fimlre of ntanncd space flight . . . is in jeop-

ardy because we do not have firm goals, and because the present approach
appears to us to be technically unsot, nd."

Letter, R_)bert R. Gilruth t_) George E. Mueller, 15 April 1966.

Associate Administratc_r for Manned Space Flight George l';. Mue, e, informed l_i

I)eputy Administrator Robert C. Seamans, Jr., of the Saturn/Apollo Applications
Program Oflicc's _,valuation of a Lockheed proposal to lat,nch space probes from

orbit using Agena rockets launched from .,\AP stations in space. The proposal
was feasible, Mueller advi:,ed, but did not seem ;_ desirable mi._sion for inclusion

in the AAP. I,ockheed's proposal estimated a 1800-kg payload to Mars, a per-

formance capability not sufficient to justify the proposal solely on it mission basis.

(In contrast, the Satura IB (:ent:tur offered a 4500-kg capability.) The other

aspect _)f Lntkheed s proposal ct)ncerned the develt)pment of techniques _or

launching vehicles from orbit. In this area, the chief contributi(ms anticipated

frt)m AAP wert r assentl)h t)f large vt'hich's in orbit, fuel transfer, and preparation
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1966 for orbital launch. Final checkout, which Lockheed proposed should be done by
the astronauts, Mueller said could be accomplished more effectively by ground
engineering _oups through tdemetrv displays. Therefore. he recommended to
Seamans that the proposal not he considered for inclusion in Saturn/AAP.

Letter, George E. Mueller to Deputy Administrator, "Lockheed nroposal to Launch

Space Probes U-ing Agenas Flown from AAP Vehicizb" 15 April 1966.

21 MSC Director Robert R. Gilruth designated Deputy Director George M. Low as
the principal focus and point of contact for all matters pertaining to AAP. This
action, Gilruth told George E. Mueller, NASA Hq, W,'LSonly a short-range
measure. He stated that he planned to create an AAP office as soon as practical,
but that such action would take a number of weeks because it would involve a

number of people throughout the Houston organization.

Letter, Robert R. Gilruth to George E. Mueller, 21 April 1966.

22 NASA Deputy Director Robert C. Seamans, Jr., told Associate Administrator for
Space Science and Applications Homer E. Newell that he had no choice but to
delay initiation of development competition on the ATM until the AAP funding
picture for the next two fiscal years became clearer. Because he had been unable
to identify any source for the funds that would be required for the project during
Fiscal Year 1967, Seamans said, "I am extremely reluctant to start a competttion
in industry at a thne when we cannot see our way clear to proceeding in a timely
fashion."

On the other hand, he said he recognized Newell's deep interest in the ATM
project and its scientific value and he was ready to proceed with advanced _tudy
work. Accordingly, he sald he had signed the sole source award to Ball Brothers
Research Corporation to study adapting the ATM for automatic observations in
orbit beyond the basic 14-day manned mission and to study adapting the ATM
to the Apollo lunar module (LM) for extended manne't operations. Seamans
expr_sed his own conviction that, to meet the objectives of the AAP mission at
the earliest possible time, it would be best to mou,lt the ATM directly on the
Apollo command and service modvles. If the present fiscal problem precluded
such an arrangeraent, he tokt Newell, the agency would then be in a better
position ,_t a later date to decide whether the ATM should be included ,aspart
of the LM or whether some alternate approach should be used.

Memorandum, Robert C. Seamans, Jr., to Homer E. Newell, "ATM," 22 April 1966.

22 MSC Deputy Director George M. Low proposed that Gemini Pro_am Deputy
Manager Kenneth S. Kleinknecht head the Source F,valuation Board, comprising
members from Headquarters, MSFC, and MSC, for fl_e Sv.turn S-IVB spent-
stage experiment support module. Pev,ding iormal approv,_l. Low said, MSC
planned to go al,ead with sundry preew_luation activities so as not to impede
formal contractual efforts.
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"i_WX, George M. Low to E. Z. Gray, NASA Hq, 22 April 1966. 1966

May

MSC Assistant Director for Flight Crew Operati:ms Domdd K. Slayton and

several astronaut,_ (notably Joseph P. Kerwin) voiced concern regarding the 6

purposes and proposed work statement for the S-.IVB spent-stage experiment

support module. As well as pointing out the general lack of experinaent pl,'mning
and hardware, Slayton and Kerwin noted a number of operational and safety

concerns surro:: lding purging the stage's hydrogen tank to create a ,L'tbitable

structure in space.

Memorandum, Donahl K. Slayton tt, Office of Program Control, Attn: L. A. Stewart,
"S-IVB experiment module work statement," 6 May 1966, with enclosure, menlo-.
randum, Jos_._h P. Kerwin to Assistant Director for Flight Crew Operations, "Com-
ments on Saturn IVB Spent-Stage Statement of Work," 6 May 1966.

Replying to a suggestion lw MSC Director Robert R. Gilruth that AAP capitalize it

on Apollo hardware to an even greater extent by using refurbished CSMs, Asso-

ciate Administrator for Manned Space Flight George E. Mueiler deferred any
action toward implementing a competitive effort for such work. This was neces-

sary, he said, because of the present unsettled nature of AAP planning. Because

of revisions in AAP mi._4on planning _u a result of joint Center-Ileadquarters

discu_ions in mid-April, however, Mueller told Gilruth that he w_ts ordering

MSFC to undertake a parallel study to evaluate it refurbished CSM versus a

LEM laboratory for the AAP experiments program. Results of both studies

would help pro_am planners determine whether and in what configuration a

refurbished CSM might best fit into AAP mission planning. That same day,
Satt, rn/Apollo Applications Deputy Director John H. Disher wrote to Lelaald

F. Belew, Saturn/AAP Manager at MSI"C, asking that he order the AAP pay-

load integration contractors to evaluate the tefurl)ished command module concept

compared with the LEM lab and the S IVB support module.

Letters, George E. Mueller to Robert R. Gilruth, II May 1966; John H. Disher to

Leland F. Belew, 11 May 1966.

H. Julian Allen, Director of Antel Research Center, requested from MSC Direc- _8
tor Robert R. Gilruth technical desi!_,_,inf_wmatlon and details of AAP study con-

tracts. Allen requested this inform,-tion so that, in line with a directive several

months earlier to investigate the feasibility of inc!uding bioscience experiments on

AAP I'arth-orbital mk4ons, Antes could establish conceptual approaches ,and de-

fine fexsible methods for satisfying experiment hardware requirements. Charles

Wilson, Biosatellite Manager at Ames, was heading up the experiment definition

ta_, said Allen.

Letter, H. Julian Allen to Robert R. Gilruth, 18 May 1966.

Associate Administrator for Manned Space Flight George E. Mueller held a t8

major teclm,cal planning se_4on on the AAP with principal Headquarters AAP
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1966 officials and reprcsentati"es of the three manned spacecraft Centers. The more
ftmdamental programmatic and design decisions included the concept of a "de-

May

pendent" spent-stage experiment support module (SSESM) and S-IVB Workshop
(i.e., fuel cells in the CSM would support the entire vehicle); a process by which

expendables in the SSESM would be fed to the CSM via external umbilicals;

and development of extended-duration fuel cell a.,_emblies for long-duration syn-
chronous and lunar orbit AAP missions. Also, Mueiler reaffirmed an early 1968

schedule for availability of the first SSESM; that the first flight article would be

a simple structure with no "'follow-on goodies" (such as dual docking capabilities);

an unmanned S:_ESM launch; CSM SSESM orbital stay timas of 14-days, with

the capability to extend the flights to 28-day mi._ions; and that the current

SSESM definition studies at MSC must produce design specificatkms adequate

for a fixed-price phase lI contract to build the first flight article.

Memorandum for record, W. B. Taylor, "SAA Review with Dr. Muvlh'r, May 18,

1966," 20 May 1966.

20 Associate Administrator for Manned Space Flight George E. Mueller officiMly

named Kc:=aeth S. Kleinknecht, Gemini Program Deputy Manager at MSO, to

head the Source Evaluation Board (SEB) for the S IVB spent-stage experiment

support module (SSESM). Muellcr personally charged Kleinknecht with under-

taking this task, since the SEB had been created before formal approval of either
the project or the prot:uremcnt plans. Under these circumstances, Muellcr

cautioned Kleinknecht and the Board to avoid any commitment that NASA

wotdd pursue the phase II part of tnc effort or evcn that one of the phase I

contractors would be selcctcd if and whcn the project were approved. Also,

Mueller reminded him of the cmnprc_wd schedule requirements and limited

resources inmlediateh' available ftn the SSESM project. Thus, said Mueller,

emphasis should be placed upon costing and firm schedule commitment,_ on the

part of the contractor. 'l'he SSESM technical concept and design nmst be

adequate to meet mission requirements, but no cost tu' schedule penaltie,¢, should

be accepted for "tmnece_;u'v design refinements,"

Letter, (L.orgc E. Muclh'r t- Kenneth S. Kh'inknccht, 217 May 1966, w;th e,wh_sure,

letter, George l:,. Mu:'llcr tt_ l.)irector, MS(:, "Source Evaluation re: an S- IVB Spent

Stage Experiment Support Module (SSF, SM)," 21,) May 1966.

10-.21 Representatives of the :kit" l:t)rce and NASA met at I{rooks AFB, Ttxas, to ex-
chznge information tm mcdic.'d experiments ld;tnned f.," the Air Force's MOL

project and NASA's AAP, Stanley White, who headed the t!S.XF group cf aero-

space medical experts, expressed strong interest in exphdting NA:.iA's AAP project

to stttdy the effects of Iong-dtu'atiot_ space flight on hun,m life proccsses. White .:

stated the Air l:ort:c's desire that Mr)l. thus bc relieved of this t'xpt'riment burden -,;

so program plamwrs t:t_uhl direct the prt_gr;ml nmrc clo_'ly toward evaluating

man's utility for milh:lry space opt'r, tlions. The mecting fttrnisht'tl the basis for i
clomr tics bctv.eer: thc two organizations cm their biomedical activities, ob_rved

NASA's Acting Director .f Space Medicine, Jack Bollerud.
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Letter, Jack Bollerud to Dist, "USAF (MOL)/NASA Biomedical Experiment Dis- 1966
cussion," 1 August 1966, with enclosure, l,emorandum for record, "USAF (MOL)/

NASA Biomedical Experiment Discussions, 20--21 May 1966," 16 June 1966. Moy

L. W. Vogel, Executive Secretary to the Administrator, notified Associate Admin- _un*

istrator for Manned Space Flight George E. Mueller that Administrator James 1
E. Webb and Deputy Administrator Robert C. Seamans, Jr., had selected Martin

and Lockheed to perform the final definition studies (phase C) for the payload

integration aspect of the Apollo Applications Program. (These selections were

based upon presentation by the Source Evaluation Board and comments of senior

project officials iuvolved.) The fixed-price contracts, expected to be worth about
$1.2 million, each, were to run for one ),ear.

Letter, L. W. Vogel to Associate Administrator for Manned Space Flight, "Selection of

Contractors to Accomplish Apollo Applicati(ms Program Payload Integration Defini-

tion," 1 June 1966•

The newly created Source Evaluation Board for the SSESM held its first meeting, W,,k Ending

and members made tours of the three stud), contractors' plan:s. All three study June2
contractors had completed preliminary design work and were currently examining

design details critical to weight and costs. Program officials already had impressed

upon the three firms the crucial importance of low cost. Further, they had been
told to concentrate on the SSESM configuration and were requested to study use

of cryogenics in the SSESM for reactivation of the SSESM/S-IVB Workshop

during subsequent flights.

Memorandt,;n, John H. Disher, NASA tIq, to Associate Administrator for Manned

Space Flight, "SAA Weekly Statos Report fi)r Week Ending, Noon: June 2, 1966,"

7 June 1966.

George M. L_w advised Headquarters that MSC was reducing its funding request 9

for Fiscal Year 196;' in support of re,arch on a land-landing capability for the

AAP. Specifically, this program reduction involved haltit_g all work dealing with

braking rockets and attenuation s_stems and concentrating all effort on prototype

development of several types of lifting parachute and parawing designs. These

program changes were mandatory, Low stated, becattse of limited AAP develop-
ment funds and because a land-landing capability was still not a firm objective

(even though MSC had previo_:sly presented such a ptx_gram leacting to a land-

landing capability for AAP by the etad of 1969).

Letter, George M. Low, MSC, t,_ NASA Hq, Attn: John H. Disher, "Revision of

1966-67 funding request for AAP landing program," 9 June 1966.

George M. Low, in a letter to ..\ssoci;0t, Administrat()r for Manned Space Flight 9

George E. Mueller, proposed a general test plan for evaluation of Apollo vehicles

and subsystems to cover the requirements of AAP. Sttbsequently, the Engineer-

ing and Development I)ircct()r:ttc at Hc)u:,t(m drew ttp specific test plans covering

individual items in the general l,:an. C)_; 18 July, Low submitted to AAP Deputy
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1966 Director John H. Disher for approval the firr_ ,,f these specific AAP test plans,

June covcring extension c_ftile Apollo Bhwk II fuel celt front 400 to 1()¢10hours. Disher
approved the plan several days later, and MfiC: ()fficials began working out

i, contractual details with the fuel cell contra(:tor, Pratt and Whitney.

Letters, George M. Low. MS(.:, t. NASA ltq, Attn: John 11. Disher, "AAP Test

Program--Block !! Fuel Ccll Test Plan Aplm,val,'" 18 July 1966, with enclosure,

letter, J. G. Thib.daux, Jr.. to Direct,r of E,_gineering a,td Deveh_pment. "G_,mbined

ApolIo/AAP testing--plans for imple,llentatiotb" 30 June 1966; J-ha tl. Disher to
Geurgt" M. Low, "Extended Bhwk I1 Fuel Cell Testing ft,r AAP[" 21 July 1966.

Robert R. Gilrt,th advised George E. Mueller of Houston's work to define testing

requirements on ba4c Apollo vehicles and subsvstenls to cover requirements for
the AAP. (Mueller had requested such a study by MS(, at the end of November

19(i5.) Objectives of the MSC study, said Gilruth, were to (1) specify a test

program for defining tile limitations of Apollo hardware for :'tAP missions;

(2) expl,_re the feasibility of comllining Apullo and AAP testing to reduce costs

and eliminate dt,plication; and (3) mininfize i,npact on Alxdlo per se. Houston's

study drew upon support of AAP groups at both North American and Grumman,
and re,;ults of their work were screened by apFropriate elements within MSC's

Engineering and Devel_Jpmcnt Directorate. Only a small number of te_ts would

be requircd to ;t.,<sureextension of the COl'tllnand and service mot, ules' capabilities

to fulfill AAP's 43-day _oal, Gih'uth reported. Aim, althot,gh sonic hardware

problems existed, these appeared to be not ._lelv AAP-related, but :.tpollo-related

as well..\till. ;dtlumgh s.me testing ohjectives ah'eady were evident, most had to
a_;ti' better definition of mission objectives, as well as configuration of the overall

vehicle (especially for the hlnar t:xcursion module). Moremcr, through better

definition of the overall AAP test program ;rod requircuwnts vis&-vis Apollo,

Gih'ulh cstilnitted th;tt, tilt" pr.,m';uta might I)t eat'tied out at it cost several milliop

dollars less than previ(msly estimated.

Letter, Robt.rt R, Gihuth. MSC, tu Gem'ge E..'t.hu'lh'r, NASA llq, 9 June 1966.

to A_sociate Administrator for Space Science and Applic:ttions Homer E. Newell

real'wed his request for :tplmwal of ATM develt_pnlent to Deputy Administrator

Robert C. Seatna,ls, Jr. (See 17 ,March 1966). Newell repeated that detailed
studies in htm'_e ;rod under contract had cst;tl_lished tile feasibi!itv of an ATM for

cmtdttcting high-resohttion observatiolts of the Sun. Hc pointed out that a forntal
ATM organizatiml had bec,/ crc,dcd at (;oddard Space Flight C'.enter wit:_ over

'30 people win'king full time On tile project, and six:st they had prepared des:tiled
scientilic, tcch,dcal, and ma,tagemt'nt plans and _vt.rc ready to begin the project

inutwdiatelv.

Newell emphasized tht' impolhmce t_f the ATM to the overall NASA solar phy:;ics

prt_gr;uu. (:anct'llatitm t,f thc Advamccd ()rl_itiug Solar Observattn 3' project, he

said, h,ft the ()rhiting S_,iar ()bservatorv as tilt" only approved program devoted

to solar physics and liras spacecraft thd iit_t have tile teclmical capalfility to citrry
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out the high-resolution studies so urgently needed. Newell pleaded for project 1966
approval and assignment of necessary funds to his office so that the ATM could Jun, i
be completed in time fora planned launch in 1969, the next period of maximum
solar activity. ]

Letter, Homer E. Newell to Deputy Administrator, "Apollo Telescope Mount (ATM),"
l_ June 1966.

In preparation for upcoming evaluation of spent-stage experiment support module 1o
proposals, Kermeth S. Kleinknecht, Chairman of t! = SEB, established Technical
and Business Management Committees to conduct actual evaluations. Klein-

knecht expected that evaluation of the proposals due 17 June would begin as
soon as they were received from the initial study contractors, Douglas, McDonnell,
and Grumman.

Letter, Kenneth S. Kleinknecht, MSC, to Dist., "Appointment of Source Evaluation _:
Committees for Saturn IVB Spent-Stage Experiment Support Module Part II Pro-
pomls," I0 June 1966.

Reflecting MSC's concern over .several crew-safety factors regarding the suit- 16 _'_
ability of the S-IVB hydrogen tank as a habitable structure to support the
SSESM program, Gemini Program Manager Charles W. Mathews requested
that officials at MSFC determine the compatibility of pressurization oxygen with lpossible out-gassing hydrogen and the possible effects on electrical cabling.
Matb_ws desired such information as .soon as possible, since results of this investi-

gation1966.)would affect contractor efforts on the SSESM project. (See entv/, 6 May i

TWX, Charles W. _*,athews to MSFC, Attn: W. A. Ferguson, 16 June 1966.

E. E. Christemen, Mission Operations Director in NASA Hq, recommended to 2o
Associate Administrator for Manned Space Flight George E. Mueller that the
Office of Manned Space Flight change its flight crew organizational setup from
a decentralized, program-oriented type to a conselidatcd responsibility in one :_

office (within mi._sionoperations). Previously, when emphasis wae on hardware 1design and development, Christensen said, such a fragmemation of responsibility

had helped preserve the integrity of a given program. Centralized authority now _
seemed more appropriate, with major hardware systems largely defined and I
OMSF rapidly changing to an operations-oriented phase. Mueller approved 1Christensen's suggestion on 2 July. i

Memorandum, E, E. Christensen to George E. Mueller, "Proposal to Consolidate

OMSF Flight Crew Operations Functions in Mission Operatiom (MO)," 20 June 196f,

Gerald M. Truszynski, Deputy Associate Administ.'ator for Tracking and Data 22 4

Acquisition, advised Mission Operations Director E. E Chri,_tensen tkat a central
probiem foreseen for upcoming multiple-launch, AAP missions was the limited :!
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1966 capability of the Manned Space Flight Network (MSFN) unified S-band statiom

Jun, simultaneously to support two separate spacecraft. Unlike the facilities that had
permitted support of the dual Gemini_Titan VI and VII missions, the Apollo i
network had only one antenna at each station. Performance limitations of the .i

_ system might prove unacceptable, Truszynski said, particularly when considering

abort possibilities and other contingencies. He suggested two possible solutions: i

(1) support one of the spacecraft via the S-band system and the second by C-band

radar, VHF telemetry, UHF command, and VHF voice when necessary (al-

though this approach would require modifications to the block II CSM; (2) add
a second 9-m antenna system at each MSFN station to provide full S-band to

both spacecraft at the same time. (This latter approach, he noted, might cost
some $2 million per station and take about two years to complete.) Truszynski

requested that Christensen include these MSFN suppor, limitations in all mission

planning for multiple-launch flights prior to mid-1969 and keep him advised as

to what approach he wanted to pursue to support such multiple-launch missions.

Memorandum, Gerald M. Truszynski to Director, Missio,: Operations, "MSFN Sup-

port of Apollo and SAA Multiple Launch Missions," 22 June 1966.

2s Edward Z. Gray, Advanced Manned Missions Program Director in NASA Hq,
criticized both MSFC and MSC for failing to prc,,ent a realistic and viable

experiment program for the AAP S-IVB Workshop. From the outset, Gray said,

all recognized that AAP experiments had to be relatively simple and economical

because of the requirement for early delivery of flight-qualified hardware (i.e.,
the fall of 1967) and fiscal limitations during Fiscal Years 1966 and 1967. The

responses front MSFC and MSC _o far, he stated, "do not constitute a reasonable

program." Gray noted that experiment_ to assess tb"_habital)ili:" of a spent stage
(and also to develop design criteria for space stations) were almost totally absent.

Several experiments were wholly unrelated to the Workshop and required little
or no participation of the crewmen. "l,a my estimation we have not faced up to

the problem of defining a usefi,l set of experiments," Gray concluded. Unless

great effort and imagination were brought to bear on this problem, he warned,

"we will be hard pressed to defend the phase D effort on the Workshop which

should constitute a key element of our Saturn Apollo Applications Program."

TWX, Edward Z. Gray to MSFC and MSC, "S IVB Workshop Experiments Pro-

gram," 28 June 1966.

July MSFC annotmced a number of appointments to fill ovt the Saturn/Apollo Pro-

a gram Office staff: Stanley R. Reinartz, Deputy Mam, ger; Hihuar W. Haenisch,
Assistant Manager; Jack C. Swearingen, Manager, Program Control Office;

Rein Ise, Manager, Apollo Telescope Mount Project; and Jack H. Waite, Man-

ager, Mission Planning and Experiment_ Project (later redesignated Experiment

Development a,ld Payload Evahmtion Project).

MSFG, Skylab Illustrated Chronology 1962_ 1973, 1 May 1973, p. 8.
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At Houston, MSC Deputy Director George M. Low was appointed Acting 1966
Manager of the newly established Apollo Applications Program Office. Robert

July
F. Thompson was named _,.ssistant Manager. At MSFC, Leland F. Belew was

designated Manager of the new office. The two new offices were made responsible 6

for all "activities concerned with projects using Apollo hardware for purposes in

addition to the manned lunar landing." A new Experiments Office headed by
William G. Johnson was also established at MSFC.

MSC Announcement 66.-92, "Establishment of the Apollo Applications Program Office
and Designation of the Acting Manager and the Assistant Manager," 6 July 1966.

In a memorandum to Headquarters staff members, Advanced Manned Missions 7

Program Director Edward Z. Gray summarized *.he three separate study efforts

underway within NASA directed toward evaluating the S-IVB stage as a manned
laboratory:

(I) The spent-stage experiment support module (SSESM) study, a joint
effort by MSC and MSFC.

(2) A spent S-IVB-stage utilization stud), at MSFC.

(3) A Saturn V single-launch space station.

Gray noted that the SSESM study had as its chief objective an airlock and

attendant subsystems to support an early spent-stage laboratory to conduct 30-day,

three-real, flights. The second study, to be initiated following competition, sought

to examine concept._ for an advanced spent-stage laboratory dependent upon

regular resupplv The hLst approach, approval for which had yet to be gained,

Gray called the "brute force" approach to a space station. ]n this concept, to
achieve a one-year space station, the S IVB stage was to be launched by a Saturn

V and would not be required to perform as a propulsive stage. No resupply
would be necessary except for experiments and crew rotation, and existing zub-

systems could t:e employed. Gray emph_Lsized how crucial it was that ongoing

and pl_:nned study efforts compare the advantages and disadvantages of simple
spent-stage conccpt_, more s_)phisticated spent stages, and brute-force stations to

accomplish the experiments under development. In this manner, when budgetary
decisions must be made during forthcoming ),ears, the agency would not be faced

with, as Gray said, "a succession of pallet/LEM-I:b/workshop-Lype problems
with insufficient information to make sound choices."

Memorandum, Edward Z. Gray to Director, Program Review Division_ "$-IVB Stage
Space Station Concepts," 7 July 19[J6.

George M. Low expressed his reservations about the valiciity of planning a 9

synchronous-orb:t mission for AAP. In a note to Maximc A. Faget, Low
commented on the recent interest in such a _,ission and voiced his own doubt

co:erning either the need for or t_:edesirabii,ty of such a fi!gl',. Low stated that

such things ,as synoptic views of terraiv or weather phenomena could bc done just
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1966 as well from low Earth orbit using mosaic techniques. Moreover, low orbits

afforded simpler operation_, much greater payload capabilities, and minimalJuly
radiation hazards. Low a_kcc Faget to have his organizatioq prepare an analysis
of low Earth-orbit versus synchronous-orbit operations in preparation for up-

coming AAP planning discussions in Washington at the end of the month.

Memorandum, George M. Low, MSC, to Maxime A. Faget, MSC, "Synchronous orbit
missions for AAP," 9 July 1966.

11 Meeting at Headquarters, Deputy Administrator Robert C. Seamav.::, Jr., Asso-
ciate Administrator for Manned Spree Flight George E. Mueller, and Associate

Administrator for Space Science anu Applications Homer E. Newell made several
signifcant program decisions affecting AAP and post-Apollo development plan-

ning in general:

• MSFC weald be the lead Center for developing the ATM and would be

responsible for all astronomy experiments.

• MSFC would be the lead Center for "lunar engineering"--i.e., design

and development of lunar exploration w:hicles (including surface modules, supply
trucks, and roving vehicles).

• MSC would have responsibility fox' Earth resources and lunar scientific

experiments.

MemoranduL, for record, E. J. Brazill, NASA Hq, "Meeting Held on Monday, July 11,

1966 by Dr. Seamans, Dr. Mueller and Dr. Ncwell," 15 July 1966.

12 During informal discussions in Washington, Associate Administrator _,or Space

Science and Applications Homer E. Newell was asked his views regarGing the"

agency's options for post-Apollo space projects. Newell's reply, reflectir.g to a

g-eat extent the thinking of scientists within the agency, cited three chiff factor_:

Earth-orbit missions, .solar exploration, and orbiting astronomical observatories.

!so, Newell played down the importance of the search for extraterres'.rial life in

connection with solar exploration in the post..Apollo period. _

Memorandum for record, J. C. Satterth.vaite, NASA 1t% "Post.Apollo," 12 .]uly 1966. '
:;

_a Apollo Applications Program Deputy Director John H. Disher created the
Saturn/Apollo Applications Mi,_ion Plannirtg Task Force to oversee and co- i

ordinate mi._iou definition for proposed AAP missions. The group, headed by
William D. Green, Jr., of the AAP office in Wi_shington, included membe_ fro'a i

the thcce manned Centers as well as Hcadq, mrters. Disher charged ihe group 'i
with a number of specific responsibilities:

• Determine the fea_ib;iity of accompli, hing the proposed AAP missions,

including objectives, experin_ent compatibility, sp_tcecraft and launch vehicle

characteristics, crew capabilities, facilities requirements, mission contingencies,

and off-nominal operation.
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• Conduct analTses on allocation of e-_periments to different spacecraft 1966

modules, as well as alternate modes of mission and experiment operation. July
• Recommend resolutLns whenever conflicts arise over hardware or mission

issues.

In all of these areas, the task force acted as an advisory body to the program
director.

Letter, John H. Disher to Dist., "Saturn/Apollo ,applications Mission Planning Task
Force," 13 July _966, with enclosure, Saturn/AA£ Program Directive No. 1, "Saturn/

#.polio Applications Missl,m Planning Task Force," i3 July 1966.

NASA announced that project management responsibility for the ATM had been l a

assigned to M-FC. Under the agency's "phased project planning," any decision

to begin ATM hardware development must await preliminary design study and
evaluation at Marshall. B_* a.s conceived at this stage, the ATM would comprise

_veral high-resolution soktr telescopes attached to tl-,e Apollo spacecraft, to be

operated by scientist-astronauts. Subsequently, ATM experiments contracts also

were transferred from Goddard Space Flight Center to Huntsville.

NASA News Release 66-185, "Telescope Mount for Apollo Flight Assigned by NASA,"

13 July 1966; letter, Homer E. Newell, NASA Hq, to George E. Mueller, NASA i{q,

1 September 19136.

Through a formal memorandum of understanding between NASA and the De- i,I

partment of Defense, the two agencies established the Joint Manned Space Flight

Policy Committee to coordinate, at the policy level, manned space flight pro-

grams of the respective orgz,nizations. The committee was presided over by
Cochairmen John C. Foster, Jr., Director, Defense Research and Engineering,

and Robert C. Seamans, Jr., NASA Deputy Administrator. Functions of the

committee were to resolve matters of mutual interest between the two agencies; to

agree on decir'ons involving top policy determinations; and to facilitate exchange

of information and views regarding _:oordinated planning of manned space flight

programs within NASA and the Defense Department. (This agreement super-

seded a similar earlier eoor4iw'.tion gr_;up established in mid-January 1963, the
Gemini Program Planning Board.)

NASA Management Instruction NM[ 1154.2, "Manned Space Fligh: Policy Commit-
tee," 14 January 1966: memorandum, John C. Foster, Jr., and Robe_ * C. Seamans,

Jr., to Secretary of Defense and NASA ,.dministrator, "Manned Space Flight Policy

Committee," 9-13 Jan,tar), 1966, with enclosure, "Memorandum of Understanding

Between The Dtpartment t)f Defense And The NatLmal Aeronautics And Space _

Administration Concerning The Manned Space Flight Programs Of The Two Agen-

cies," 1_-14 January 1966.

George E. Mueller, Associate Director for Manned Space Flight, officially axsigned _t

Headquarters management responsibility for developntent of the S-IVB Orbital
Workshop and SSESM to David M. Jones, Acting Saturn/Apollo Applications

Program (S/AAP) Director. Exper:ments as _, part of the 5SESM ',.:-,dWorkshop
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1966 programs, Mueller said, would still be pi'oce_ed through the Manned Space

July Flight Experiment_ Board for approval.

Memorandum, George E. Mueller to Acting Director, S/AAP, "S IVB Workshop and

SSESM Development," 18 July 19F3.

lg NASA Deputy Administrator Robert C. Seamans, Jr., ordered the heads of

program offices at Headquarters to conduct a 60-day study to update planning

for a permanent manned space station in light of current thinking and recent

program developments. The study, it joint Headquarters-Field Center under-
taking, was conducted under the auspices of the Planning Coordination Steering

Group and comprised twe separate subject areas: (1) a study of requirements

and constraints ior a permanent station to meet a broad range of scientific

objectives; and (2) a similar study of hardwace configurations, mission operations,

costs and schedules, and development plans. (The two separate stud;,, groups were

headed by Charles J. Donlan ,_.qd Edward Z. Gray, respectively.) Also, as

Seamans phrased it, since it was "still a question whether a permanent space
station is the best approach to achieving the envisioned missinn objectives," the

study group's report should assess its advantages and disadvantages. He empha-

sized that the study in no way implied that NASA had, in fact, decided to develop

or even propose such a permanent manned station in space. It would, however,

"help us to decide if such a course is desirable and when."

Seamans also described the interrelationship between the space station and
NASA's current manned programs, particularly the AAP. The studies, he mid,

should recognize AAP planning already underway and should assist in defining

AAP activities that should form precursors to an actual space station (includ;.ng

experiments and operational cap_,bilities, as well as supporting research and

deveiopment). The study must, above all, "consider the logical growth pattern

which should evolve from the AAP program to a space station."

Memorandum, Robert C Seamans, Jr., to Dist., "Preliminary Study of a NASA

Manned Spa.'e Station," 19 July 1966,

19 Following the decision of Dtputy Administrator Robert C. Seamans, Jr, to assign

development responsibility for the ATM project to MSFC (see I I July 1966), the
manned space flight organization had concentrated its efforts on selecting the best

location for the ATM within the Apollo spacer:raft. A_sociate Administrator for
Manned Space Flight George E. Mueller informed Seamans of their recommen-

dation- -and requested hi:_approwd--that the ATM be mounted within the LM.
Mueller cited the design tradcolt's that led to this recommendatic_n, the foremost

being that the LM-motmted ATM, modified for storage and reuse in orbit,

offered the greatest potemi:d for n'eeting ATM performance requirements and

experiment objectives, including the possibility c _ manned operation while de-
tached h'em the CSM and rims free from external disturbances during fine

pointing o 3e,'ations, (Other possible installation locations considered but rejected

were an empty bay of the ._or',ice nl,d_tic; _,specially built rack for the ATM that
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would be launched inside the adapter section where the LM normally rested; and 1966

inside the spent-stage experime-'at support module.) Mueller stated that the LM- July
mounted ATM could be accomplished with programmed funds using MSi C

in-house -ffort. Also, the system would include use :)f the LaRC-developed con-

trol mort, :,at gyro systc.ni for fine pointing control.

Memorandum, George E. Mueller to Deputy Administrator, "Apollo Telescope Mount

Installation," 19 July 1966.

Harold Glaser, Deputy Chief of Solar Physics at Headquarters, presented to Ad- 19
vanced Manned Missions Director Edward Z. Gray dcta'led arguments justifyir,g
_le-source award of a contract to North American to study engineering problems

associated with incorporating large :elesc-pes and other scientific equipment into

the Aoollo space_caft. (Glasec also argaed for a similar contract to Harvard

University for tech.fical aJad sdentJfic assistance to North American.) This effo_:
a coordinated effort between t' : Adwtnced Mission Plannic, g Grovps in the

OMSF and the Physics arid A_tronomv Progrt_nls in the OSSA, he told Gray,

was essential to make maximuna use of th,- Apollo Extension System as an orbital

platfc.rm for a variety of scientific experiments.

Letter, Harold Gla,er to Edward Z. Gray, "Sole Source Justification for Noncom-

petitive Procurement... ," 19 July 1966.

KSC announced creation of an Advanced Programs Office within the Apollo 21

Prograw Office. The new group, headed by Robert C. Hock, was given respGn-
sibility fc,r overall Center planning in the adwmced program': area, including

Saturn/Apollo Applications.

Spaceport News, 21 July 1966, p. 5.

George M. I,ow summarized MSC's tkinking regarding proper location of the 22

ATM with the AAP payload configuration. L_w affirmed Houston's app,oval of

the recent assign ,w:_t of total responsibility for the ATM to MSFC (an assign-
ment that MSC h_ . supported from the outset). The most important task now

was to "get on with _he ATM ip a ntost expeditious manner so that we can
demonstrate once antt for all that there i,; a ntajor place for science and applira-

tions in ma;med sp;,ce flight." l"urther, Low said, getting on with the job mea,_t

"making Marshall's job its simple and as straightforward its po,_sible." Because ox

extremely complex technical and managerial interfaces, the benefits of total

systems responsibility at M',_,FC would be lost if the A'!'M were mounted on an

Apollo LM. "We frankly dtm't believe that the jub c,,n be done in this manner
in any reasonable length of time," he said. For i_,tlt:lt the same rc_sons, MSC
also withdrew earlier recommendations that the .VI',_I could be lot ated in a sector

,ff the service module or i_: the spent-'.;tage experiment suppo:, module. Rather,

he urged that the A'IM be integrated into it self-containt, tl rack fitted into the

adapter area and launched aboard a single vc!.icle ah,ng wilh the CSM. .. :'_
ci-:d a number of :_pecific objections to Iteadquarters' recomrtendation th,'.t the
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1°¢6 ATM be in the LM, even though the approach was technically feasible a,ld

offered several important advantages. Nonethele_, he repeated his view thatJuly
operational factors, technical and managerial interfaces, and cost and .:,chedule

considerations all favored a rack-mounted approach. Crew safety factors alone

were ample justification for such an approach, and he urged that Headquarters

and MSFC proceed with such a design at the earliest possible date.

Letter, George M. Low, MSC, to John H. Disher, NASA Hq, 22 July 1966.

2s William A. Ferguson, MSFC Orbital Workshop Project Manager, made a pre-

sentation on the OWS as an experiment to the Manned Space Flight Experiments

Board (MSFEB). Associate Administrator George E. Mueller approved the

experiment for flight on AS-209.

Manned Space Flight Experiments Board, "Minutes," 25 July 1966.

2s John H. Disher, Saturn/Apollo Applications Deputy Director, advised his Systems

Engineering Director that, on the basis of studies and review within both the
OMSF and the OSSA, the choice of location for the ATM had been narrowed

down either to the LM ascent stage (with a "half rack" in place of the descent

stage) or to a specially designed rack structure completely supplanting the LM.

Disher requested additional information on both of these approaches to help in
making final recommendations:

(1) A comparison of command and service modules interfaces for the two

concepts.

(2) An analysis of interfaces between the LM rack and the ascent stage.

(3) Descriptions of the subsystem installations for both the LM ATM and the
rack ATM.

Memorandum, John H. Disher to Director, Systems Engineering, "ATM LM vs.

Rack Installation," 25 July 1966.

a6 Deputy Administrator Robert C. Seamans, Jr., formally notified Associate Ad-

ministrators Mac C. Adams, Edmond C. Buckle),, George E. Mueller, and Homer

E. Newell that he had a.,_signedfull responsibility for Apollo and AAP missions to

Mueller's Office of Manned Space Flight. This decision, he said, was in line with

the "fundamental policy of NASA that projects and programs are best planned
and executed when these responsibilities are clearly ,assigned to a single manage-

ment group." Thus, OMSF had full responsibility for AAP hardware systems,

integration of experiments, and conduct of the missions. At the same time,

Newelrs Office of Space Science and Applications, the office with overall respon-

sibility for the scientific content of NASA's space flight programs, had the task of

selecting experiments to be flown aboard AAP missions, as well as for analysis
and dissemination of data collected. Likewise, Adams' Office of Adwmced Re-

search and Technology was responsible for technology experiments aboard
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manned space flights, while Buckley's Office oi Tracking and Data Acquisition 1966
was charged with satisfying the communications requirements for experiments as July
specified by the other offices involved.

Memorandum, Robert C. Seamans, Jr., to Dist., "Management Responsibilities for

Future Manned Flight Activities," 26 July 1966.

George E. MuelleI, Associate Administrator for Manned Space Flight, advised Aog.st
Robert C. Seamans, Jr., of progress toward selecting the proper location of the 2
ATM veith the AAP payload cluster and requested his approval of the preliminary

project development plan. Mueller. urged proceeding immediately with the

project based upon mounting the ATM on a rack structure that would (1) either

supplant the descent stage of the LM (thus using the LM ascent stage for mount-

ing experiment consoles and for supporting the crew during periods of observa-

tion) or (2) attach directly to '.he Apollo CSM. Mueller recommended beginning
development work on the ATM project immediately, rather than deferring such

action until the end of the year, in order to ensure flight readiness during the

1968-1969 period of maximum solar activity. Also, Mueller strongly supported

Searnans' suggestion that much in-house effort and manpower at MSFC could be

brought to bear on the ATM development program. Indeed, Mueller stated that

such a course was essential to successful prosecution of the ArM project within

available resources, even though several important industrial contracts for ATM

components were still necessary.

Memorandum, George E. Mueller to Deputy Administrator, "Apollo Telescope Mount

Project," 2 August 1966.

George E. Mueller, Associate Administrator for Manned Sp2._* £1ight, recom- 2

mended to Deputy Administrator Robert C. Seamans, Jr., that NASA proceed

with its procurement effort on an S-IVB airlock module (AM) experiment as

part of the dual-launch Apollo-Saturn 209-210 mission. The AM, to replace a
LM aboard one of tke vehicles, was to serve as the module affording a docking

adapter at one end to permit CSM docking and at the other end a sealed con-

nection to a hatch in the spent S-IVB stage of the rocket. The AM, a tubular

structure about 4.5 m long and 3 m in diameter, would thus provide a pres-

surized passageway for the crew from the spacecraft to the empty interior of the

S-IVB hydrogen tank. Oxygen tanks in the module would pressurize the AM
and interior of the S-IVB to create a "shirt-sleeve" environment for the crew.

Objectives of the AM, Mueller explained, were to investigate the feasibility of

using a spent rocket stage as a large habitable structure in space and to develop

the capability for long-duration manned missions. If successful, he told Seamans,

the AM would give NASA an early capability for manned expc. imentations and

operations in space. Definition and design of the AM had already been com-

pleted, and the experiment already had approval of the Manned Space Flight
Experiments Board. Moreover, procurement bids had been received from indus-

trial firms and results of the competition presented to Administrator James E.
Webb in mid-July. Thus, because the AM presented "a unique opportunity to
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1966 investigate a major new manned space flight capability at a reasonable cost,"

Mueller urged Seamans to approve its early procurement.
August !

On 2 August, Seamans presented Mueller's arguments to Webb, recommending !

approval of the AM experiment. Seamans re,_oned that the experiment, if
feasible, would provide the United States with a major new capability for long-

duration manned space operations without interfering with the basic Saturn IB

launch vehicle program or the mainline Apollo lunar landing goal. Webb

approved Seamans' arguments the following day, with an added comment:

"particuiarly as it [the AM] would open up additional areas of knowledge we

might need if Eussian programs accelerate to the degree that we wish to add to

our manned operations with least lead time and maximum use of Apollo

equipment."

Memoranda, George E. Mueller to Deputy Administrator, "SIVB Airlock Experi-

ment," 2 August 1966; Robert C. Seamans, Jr., to James E. Webb, same subject and
date, with Webb's hand-written comments, 3 August 1966.

2 In a letter to Robert R. Gilruth, George E. Mueller acknowledged MSC's expedi-

tious completion of the pha_ C definition phase of the Apollo experiments pallet
effort. However, he noted several ftmdamental changes since the pallet effort was

started. With experiment funding severely limited, NASA had now placed

greater emphasis on a few major experiments (such as the Apollo telescope

mount) in contrast to ttte wide variety of experiments originally envisioned for

AAP missions, Also, Mueller ol_se,ra,ed that because of recent reshaping of AAP

objectives toward long-duration missions program planners now believed that, in

general, experiments should be carried in the adapter area of the launch vehicle
rather than in the vacant bay of the service module (which thus could be used for

expendables to support the longer duration flights). In light of these program

changes, Mueller concluded it was no longer wise to proceed with phase D of the '_
pallet program-actual hardware development.

Letter, George E. Mueller, NASA Hq, to Robert R. Gilrutb, MSC, 2 August 1966.

9 Based on confirmatior during discu._ion with Melvin Savage of NASA Hq, MSC

Gemini Program Deputy Manager Kenneth S. Kleinknecht advised of changes in

hardware nomenclature for the Apollo Applications Program:

• The S-IVB spent-stage experiment was now the Orhital Workshop.

• 3"he spent-stage experiment sttpport module was now the airlock module.
• The spent S--IVB w,_s now the Orbital S-IVB.

Memorandum, Kt'nneth S. Kleinknecht to Dist., "Change in nomenclature from 'S-

IVB Spent Stage l';xperiment' to 'Orbital Workshop,' " 9 August 1966,

io MSC Flight Operations Director Christopher C. Kraft, Jr., expressed to George

M. Low, Acting MSC Apollo Applications Progrant Manager, grave doubts
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regarding the wisdom and validity of present AAP planning for program inte- 1966

gration. Citing specificaUy the Saturn/AAP Development Plan of 20 June 1966
Aagusf

and MSFC's Phase C AAP Integration Contract dated 12 June 1966, Kraft

pointed out the absence of any specific method of providing "integration" of the

complete AAP vehicle and identified several potential problem areas.

Kraft expressed concern about the necessity for clear assignment of responsibility

for vehicle integration (i.e., comprehensively covering configuration, payload,

trajectories, data acquisition, operations, and objectives). Existing plans, he sa_d,

made MSC responsible for integration of the command and service modules;

MSFC the S-IVB, instrument t_nit, and lunar module; and, by implicat! n,

Headquarters the job of total payload integration. Kraft called illogical any
scheme of having two independent and parallel efforts for the spacecraft payload

integration. Also, it was inconceivable that Headquarters could take on such a

detailed and complex role. In short, Kraft made out a case for MSC ensuring to

itself its traditional responsibilities in the areas of spacecraft design and integration

in the face of assignment of some measure of overall payload responsibility to

MSFC. Above all, he called for clearly defined roles and responsibilities.

Memorandum, ChristopherC. Kraft to Acting Manager, AAP Office,"Payload Inte-
grationand AAP," 10August 1966.

At a meeting of the Manned Space Flight Management Council at Lake Logan, 13-in

North Carolina, Headquarters and Center representatives worked out a general

agreement regarding the respective roles of MSC and MSFC in the development
and operations of future manned space flight hardware. The conceptual basis

for this agreement, a space station, reflected an intermediate step between early

AAP missions and later more complex planetary missions. In fact, much the

same jurisdictional arrangement characterized AAP's OWS and the ATM. The

underlying rationale and capability for tl',is division of program roles and respon-

sibilities lay in the idea--one dating from the early planning stages of Apollo---of

modularization. Thus, provided interfaces were not extremely _omplex, parts of

a total space vehicle could be farmed out to separate field centers for development.
In line with the traditional roles of MSC and _A_SFC, Huntsville would oversee

launch vehicles, a "mission module" of the living quarters, and the laboratory

part of a large space station. MSC would be responsible for a "command post"

or flight deck, where all piloting functions were located, ,as well as logistics
vehicles, rescue craft, other specialized vehicles, and crev, training and mission

operations. This, in effect, similarly portrayed the division of responsibilities
between the two Centers for AAP.

The combination of CSM and AM comprised the "command post" of AAP, and

therefore was MSC's responsibility. The OWS similarly belonged to MSFC. Ex-

periments were divided between the two o:ganizaticns. These working premises

represented perhaps the most fundamenta!, statement of intra-NASA jurisdictional

8,q
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1966 responsib_iities since MSFC first became a part of the agency and MSC emerged

a separate field dement.August

Letter, Robert R. Gilruth, MSC, and Wernher yon Braun, MSFC, to George E.

Mueller, NASA Hq, 24 August 1966, with enclosure, "Post Apollo Manned Spacecraft

Center and Marshall Space Flight Center Roles and Missions in Manned Space

Flight," 24 August 1966.

19 NASA announced selection of McDonnell to manufacture an AM for AAP to

permit astronauts to enter the empty hydrogen tank of a spent S-IVB Saturn

stage. The AM would form an interstage between the spent rocket stage and the

Apollo CSM and would contain enviromnental and life support systems to make

the structure habitable in space. Though MSFC had project responsibihty for the

complete Orbital Workshop, technical and management responsibility for the AM
rested with the AAP office at MSC. Contract negotiations with McDonnell were

completed in mid-September. Because design of the AM would employ existing

Gemini technology and hardware where feasible, MSC Gemini Deputy Manager

Kenneth S. Kleinknecht detailed a number of people from his office to support

the AM project.

NASA News Release 66-223, "Select Contractor for Spent Saturn Airlock Experi-
ment," 19 August 1966: memorandum, Kenneth S. Kleinknecht to Deputy Director.

"Changes to Contract NAS 9-6555, Airlock," 23 September 1966.

29 NASA Deputy Administrator Robert C. Seamans, Jr., notified George E. Mueller

of approval to proceed with development and procurement actions to conduct
one AAP ATM flight on missions 211/212 (as an ahernate to the b,_sic Apollo

mission assigned to those two vehicles). Since onh" one ATM flight was thus far

approved, Seamans emphasized the importance of focusing all project effort on

meeting the existing SA 21 !/212 schedule.

Seamans asked that he be kept fully informed of all major decisions during the

system definition phase of the ATM project. He cited a number of points of

particular interest: the design concept for the ATM and its rationale; experi-

ments phumed for the mission (especially on the assumption of a single ATM
flight); operational conrepts; procuren_ent ph:L_ing with the option for a follow-on

ATM if resourccs permitted; organiz,ttional, procuren_ent, and management
approaches for the mission; and schedule options available if SA 211 and 212
became avaihtble for an ahernate ATM mission.

Memorandum, Robert (:, St,amans, Jr., to Ass.elate Administrator for Manned Space

Flight, "Almlh) Telescope Mt)unt (ATM)," '-'9 August 1966, with attat'hnlent, "Prt)ject
Approval Do('tltllellt, Research and Developtncnt {:XAP ATM)," 25 August 1966.

$eplembe, NASA Hq Saturn/Apolh) Applications Program Office defined mission require-

ments and (:enter responsibilities to succes_fulh' carry out a Saturn/Apollo13

Applications 209 missit)n, a 28-day, nlal'tned, F,acth-orbital flight. Candidate
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196¢.. experiments for the mission included 13 engineering, 7 medical, and 6 technology-

related experiments.
September

S/AAP Directive No. 3, "Flight Mission Directive for SAA 209 Mission," 13 Sep-

tember 1966.

21 Prompted by recent operational difficulties involving extravehicular activity dur-

ing Gemini flights IX-A, X, and XI, Deputy Project Manager Kenneth S.
Kleinknecht recommended to Saturn/Apollo Applications Program officials in

Washington a redesigned forward dome hatch in the S-IVB hydrogen tank; i.e.,
one that could be more readily removed. He urged installing a flexible type of

aMock seal prior to launch of the stage. These changes, Kleinknecht said, would

go far toward minimizing astronaut workload for activating the spent stage once
in orbit.

Memorandum, Kenneth S. Klelnknecht to John H. Disher, NASA Hq, "Recommen-
dation for reduction in Orbital Workshop activation workload," 21 September 1966.

October In light of agreements on Center roles and responsibilities reached during the
Lake Logan Management Council meeting (see 13-15 August 1966), recent7
Gemini flight experience, and review of assigned advanced study activities related

to extravehicular actMt.v (EVA), Advanced Manned Missions Director Edward

Z. Gray revised the dMsion of effort between MSFC and MSC on EVA studies

and responsibilities. (Gemini had pr,wcd the need for careful ,assessment of EVA

requirements dictated by mi._sion objectives, the laying down of specific EVA
hardware and procedures, and the verifyin,_ of astronaut capability to perform
various EVA tasks.) Gray stipulated that MSC would be responsible for study,

test, and development of EVA equipment and procedures (including ,astronaut

participation); MSFC had responsibility for development and test of large struc-

tures in space that might require astronaut EVA for as, embly, activatkm, mainte-

nance, or repair. As a whole, these study efforts at the Centers, said Gray, were
aimed at fornmlating ;t thorough analysis of EVA potential and ,astronaut

capabilities and at devising a long-range program for developing and using EVA

hardware and procedures to further man's usefulness in space.

Letter, Edward Z. Gray to Robert R. Gilruth, MSC, 7 October 1966.

7 Saturn/Apollo Applications Program Deputy Director John H. Disher, in re-

sponse to a letter from MSC AAP Assistant Manager Robert F. Thompson
regarding the difficult workload imposed on the crewmen during the SAA.-209

mission (i.e., opening the S t,'B tank dome cover and installing the airlock boot

might be enough to jeopardize the mi._sion), asked both Thompnm and Leland F.

Belew, S/AAP Manager at MSFC, to explore varitms :alternatives to this method

of activating the Workshop. Also, Disher asked that Below undertake a simulation
effort to ewduate definitively the workload involved in activating the present

Workshop configuratitm.
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Letter, John I I. Disher to Lel;md F. Belew and R_4wrt F. "l'ht_nq)son, "Reduction in 1966
Orbital Worksh,_p Activation Workload," 7 October 1966.

October

MSFC Director Wernher wm Braun described to his MSC counterpart Robert R. _9

Gilruth his ideas for transferring to Ht)uston the bulk of MSFC's hmar explora-

tion studies and development contracts. (As :t result of the 13-15 August Lake

Logan meeting, Depttty Administrator Robert C. Seamans, Jr., had designated

MSC the lead Center for lunar science.) yon Braun proposed that planning for
AAP-typc hutar traverses and a wide variety of lunar scientific experiments (in-

cluding a scientific package of cxperimcllts to be emplaced near landing sitcs) be

transferred to Houston. On the other hand, he believed that hmar roving and

flying devices, the AAP lunar drill, and the htnar surveying system should be

retained at Huntsville, saying that these projects were of an engineering rather

than a scientific nature and that, with MSFC's in-house capability for engineering
work of this type, his Center could make substantial---and cost-effective--contri-
butions to hmar exploration.

Letter, Wernher yon Braun to Robert R. Gilrutb, 19 October 1966.

Robert F. Thompson, Assistant Apollo Applications Program Manager at MSC, 19

wrote AAP Deputy Director John H. Dishcr crlticizing reductions by Headquar-
ters in Houston's AAP Project Operating Plan f_.,rFiscal Year 1967 for both ex-

periments and the Orbital Workshop mi._ion ($8.6 million for each). Thompson
claimed that the current requirement for the Workshop mission was $17 million

($14 m;llion for hardware anti mi:_4on support and $3 million for currently
,assigned experiments). He then broke down specific funding requirements for the

airlock module, command and service modules modifications, guid,'mce and

navigation hardware and software, crew systems, and training requirements.

Houston was going ahead with the Workshop mission as speedily as po_ible,

Thompson said. However, "prompt and adequate funding . . . is required if
current schedules are to be met."

Letter, Robert F. Thompson to John H. Disher, "FY 1967 funding requirements for
the Orbital Workshop Mission," 19 October 1966.

MSC officials conducted a preliminary design review on the AM at the McDon- 21

nell plant in St. Louis. Participants found two major problem areas that could

severely affect the probability of mission success. The most critical was the design
concept of total reliance on passive thermal control for the S-IVB. The second

was the lack of definition on extravehicular and intravehicular equipment (which
,affected AM systems and hardware design). In addition, NASA reviewers made

a number of specific suggestions for improved system design, notably provisions

for revisitation and rehabitation of the AM on s,lcce_sive flights.

Memorandum, Donald K. Slayton, MSC, to Airlock Manager, Gemini Program Ofl_ce_

and Assistant Manager, Apolh, Applications Program, "C_mments Concerning the
Air Lock Preliminary Design Review," 25 October 1966.
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1966 Kenneth S. Kleinknecht, Gemini Program Deputy Manager at MSC, requested

from W. A. Ferguson at MSFC, that Huntsville furnish MSC two S-IVB trainersOctober

for use in crew training and crew evahmtion of hardware for the airlotk program.
2s MSC wanted a full-scale S-IVB neutral buoyancy trainer for evaluation of

extravehicular operations, crew transfer, and equipment retrieval and stowage.
KMnknecht also asked for a full-scale, high-fidelity, one-g trainer for similar

application. He requested that these trainers be updated an changes were made

to the design of the S-IVB flight article.

Letter, Kenneth S. Kleinknecht to W. A. Ferguson, "S-IVB Trainers for Manned

Spacecraft Center," 25 October 1966.

2s MSFC distributed its research and development plan for the OWS. The develop-

ment plan defined objectives and basic criteria for the project and established a

plan for its technical management (chiefly through MSFC's Propulsion and

Vehicle Engineerin_ Divisiov). OflMally, the Workshop had won approval fo,'

the Saturn/Apollo Applications 209 mission, which was it backup for Apollo-

Saturn 209. Primary purpose of SAA-209 w:ts activation of the spent S-IVB

stage into a habitable space structure for extended Earth-orbit missions. In addi-
tion, a number of objectives for the OWS were considered essential to man's

abilities in space:

• Evahmtion of man's capability to inhabit and exploit large space structures

• Development of supporting technology for the AAP and advanced space
vehicles

• EvMuation of man's ability to accomplish complex tasks in :pace
• Evaluation of biomedical and systems aspects of cxtcr, Jed duration

mi_ions

• Deactivation of the Workshop so tl__t it could bc revisited and reactivated

on subsequent missions.

Most importantly, the OWS would adv_ nee space science and technology and

thus "sustain the tempo of the national st ace progrant, and aid in assuring U.S,

primacy in space."

MSFC,, "Orbital Workshop Research and Devel-ptm'nl Plan," 25 ()cttdwr 1966.

w,,k E.ul.g Saturn/Apollo Applications officials at Headquarters s(mnded out Houston offi-

oa.b,, cials on the status of MSC's land-landing development plan. MSC technicians17
had "reevaluated" their original cloverleaf-retrorocket configuration and now

were pushing for development of a sailwing as the reentry descent system, be-

lieving that the sailwing had greater potential for Apollo-class vehMes (especially
in range and maneuverability). Also, MSC spokesmen proposed that Houston

take nver testing of the "parawing" (a limp paraglider) being developed by

Langley. 'Fhev stated that the rest,arch and testing elIort required to develop the

sailwing and parawing would delay until 1971 or 1972 NASA's achieving a
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land-landing capability. (Previous work on the cloverleaf-retrorocket concept had 1966

promised such a capability by about mid-1970.) October

Memorandum, John H. Disher, NASA Hq, to Associate Administrator for Manned

Space Flight, "Weekly Status Report for Week Ending October 27, 1966," 3 Novem-
ber 1966, with atta(.hmcnt, "Saturn/Apollo Applications Program Summary."

After intensive effort by AAP groups at MSFC and MSC on the ATM and AAP No,.,.b._

mission planning for Flights 209 through 212, George E. Mueller told the two 2

- Center Directors that he now had ample information for a "reasonable plan" to

proceed with AAP. Fi,'st, Mueller stated that the Orbital Workshop mission could

best achieve AAP objectives by launching the complete airlock, Workshop, and
multiple docking adapter unmanned into a one-year orbit, with activation to be

accomplished by a separately launched crew. The first two AAP missions, said

Mueller, would thus provide a three-man, 28-day flight and, at the same time,

would establish a large clustered space configuration for use during subsequent

missions. Secondly, Mueller posited that the ATM to be developed by MSFC

could readily be integrated into an LM ascent stage and could reasonably be

scheduled for launch during 1968. He cited the poxsibility that, by eliminating

some equipment from the LM, the complete CSM-LM-ATM vehicle could be
launched by a single booster. However, Mueller stated his belief that the correct

approach should retain those LM subsystems required to operate the vehicle in a

tethered mode, even though normal operation might call for the LM/ATM to be

docked to either the Workshop or the CSM. Further, Mueller expressed real

concern regarding the likelihood of significant weight growths in the ATM sys-

tems. For this reason he favored separate launch of the LM/ATM combination.

Mueller planned to present AAP planning along these lines during discussions

over the next several days with Administrator James E. Webb and the Director
of the Budget regarding NASA's planning for manned space flight in the post-

Apollo era.

Letters, George E. Mueller, NASA Hq, to Wernher yon Braun, MSFC, and Robert R.

Gilruth, MSC, 2 November 1966.

George E. Mueller, Associate Administrator for Manned Space Flight, recom- 5
mended to Robert C. Seamans, Jr., the lunar module ascent stage/half-rack

Apollo telescope mount (LM/ATM) as the baseline configuration for develop-

ment of the ATM. Mueller explained that a number of "desirable characteristics"

had been examined in comparing the LM ATM with its chief rival, a CSM rack/

ATM: (1) achievement of maximum .solar data (through ease of operation,

ability to repair, maintain, and reuse, and the capability of adding new instru-

ments on sub_quent missions); (2) maximum employment of man's capabilities

for orbital astronomy (including pointing, film retrieval, repair and maintenance,

and inflight analysis of solar data); (3) modes of manned operations (docked with

the Orbital Workshop and separated from the cluster via a tether); (4) minimum _,

cost consistent with accomplishing mission objectives; and (5) highest assurance 1
of achieving program schedules. _.
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1966 Comparison studies had shown that both the rack ATM and the LM/ATM

should use the Langley-developed control moment gy,'o svsv:-- for fine pointingNovember
control and that hoth configurations required a sizable , ',]':. ,_" t, allow crew

access to instruments and controls. The rack/AT,k, o,,,_q_t. "_ v-ller told

Seamans, was attractive prin'arily because of its simplic ,... {o,,:cvcr. lie vehicle

could not be operated at a distance from the CSM to rail aiz'.'t,,t v.-n_tion or

motion disturbances (items of particular concern to ATM e,:7,_:'_,', ._rs). On the
other hand, the LM/ATM offered the greatest flexibiL4v for meeting ATM

requirements without any impact on the CSM. It could normally be operated

while docked to either the C,SM t,r the Workshop or, if experiment requirements

so dictated, be either tethered or in fi'ee flight. This latter capability was especially
valuable, Mueller explained, because it afforded a method of evaluating the range

of modes for operating future maimed orbiting telescopes and would permit early

determination of the most desirable approach. (Mueller had recommended to

Seamans approval of the ATM project some three months earlier [see 2 August

1966] and Seamans had given his okay shortly thereafter [see 29 August 1966].)

Memorandum, George E. Mueller to Deputy Administrator, " _,pollo Telescope Mount

(ATM)--Spacecraft Configtlrations and Operating Modes," 5 November 1966.

, e In accordance with decisions made by A._ociate Administrator George E. Mueller

(see 2 November 1966), ,_;aturn/Apollo Applications Deputy Director John H.
Disher notified Robert F. Thompson, Robert C. Hock, and Leland F. Belew,

Apollo Applications Program Managers at MS(;, KSC, and MSFC, respectively,

of the approved mi,_sion sequence for missions 209 through 212.

• SAA--209: .manned bhwk II CSM flight of 28-day duration, with the

CSM fuel cells providing primary electrical power.
• SAA-210: launch of the unm'tnned airlock Orbital Workshop-multiple

docking adapter combination, with solar cells as the chief source of power.
• SAA-211 : manned CSM flight of 56-day duration.

• SAA-212: unmanned lunar module-Apollo telescope mount flight.

Disher said that mission planning directives were being expedited to implement

this mission sequence.

TWX, John tl. Disher to MSC, KS(:, and MSFC, 8 November 1966.

16 In a major AAP mission planning session at Houston, "l'exas, George M. Low

and Eberhard F. M. Rees, Deputy (:enter Directors at MSC and MSFC, respec-

tively, and Robert F. Thotnpstm and I,cland F. Belew, the respective AA.P
Managers at those (tenters, estal_lished a joint approach for implementing mi.,,sions

identified with the first four AAI' flights, (Ahhough tentative, current plans

called for using Saturn 1B vehicles 209 through 212.) In efl'ect, their phmning

saw two separate AAP mi._ions, t,;tth comprising two Saturn IB dual launches:

(1) S/AA 2{)9 210, prim,trily a t:,amwd Workshop operatio_; (2) S/AA 211-

9,
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212, a flight consisting of solar astronomy and orbital assembly operations and 1966

lasting up to 56 days. Nc-,_..De,

Clearly, during their talks, the manned 56-day mission stood as the more difficult.

The four men agreed to the creation of a small MSC,-MSFC team to establish a

baseline by which each (:enter could focus its effort more effectively. The team,

under MSFC's lead, examined the 211-212 mission in several sl_ecific areas:

mission objectives, ground rules, spacecraft configurations, and hardware systems.

Also, the team drew assistance from the principal AAP contractors.

In summarizing their talks, Belew noted that the meeting produced "a basis on

which to proceed," with no apparent divisive issues and with affirmations by both

Centers "to proceed in getting the job done together."

Memorandum for record, Leland F. Below, "N-tes un Meeting at MSC Novemlwr 16,

1966,ApolloApplicationsProgram," 17 N,vember 1966.

Maurice J. Raffensperger, Earth Orbital _;_ _sion Studies Director in NASA Hq, 16

spelled out revised criteria for design of a one-year Workshop in space (criteria to

be incorporated by MSFC and MSC planners into their proposed configurations):

• This "interim space station" .4_ould be ready for launch in January 1971.

The design had to be a minimum-cost structure capable of a two-year survival in

low Earth orbit. (Raffenspergcr speculated that a "dry-launched" S-IVB stage

could be employed without major structural changes.)

• Initial vehicle subsystems were to consist of flight-qualified Apollo and

Manned Orbiting Laboratory hardware capable of o,e-vear operation.

• Operation of the st:_tion during the second year was to be accomplished

by means of a long-duration "developmental systems" module that would be
attached to the original space station structure (and would be developed sep-

arately as part of the long-duration space station program).
• Initi,'d launch of the station would be with a Saturn V (and include CSM).

• This interim space station must be suited for operation in either zero-g or

with artificial gt avity (using the "simplest, least expensive" approach).
• Cost of the hardware must not exceed $200 million (excluding launch

vehicle and the long-duratkm subsystems module).

• Cargo resupply and crew changes were to be _arried out using Apollo-

Applications-modified CSMs (limited to three Saturn IBs per year).

TWX, Maurice J. Raffcmperger to MSFC_16November1966.

As requested by Robert C. Seamans, Jr., at the monthly program meeting during l e
October, Associate Administrator for Manned Space Flight George E. Mueller

summarized the agency's present plans for including the DOD's astronaut maneu-

vering unit "back pack" aboard :\AP flights. The tu, it was first flown aboard

the Gemini IX mi._ion, hut EVA prohlems forced an ,:arly termination of the
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1966 experiment. At the end of September 1966, NASA had eliminated the unit from

the Gemini XII mision in order to concentrate efforts on investigating the basicNovember
fundamentals of EVA.

Mueller told Seamans that the :_tronaut m-,neuvering unit could be incorporated

into AAP flights without compromising primary objectives of the Orbital Work-
shop mission. At the request of the Air Force, Ling-Temco-Vought, Inc., the

unit contractor, was working with both North American and McDonnell to iden-

tify modifications needed to integrate the kack pack into the Apollo CSM and

AM. Although the Air Force had not yet asked that the astronaut maneuvering

unit be assigned to AAP, officials were studying the desirability of committing

the estimated cost of $2.5 million to $3 million to do .so. If indeed the military,

service made this commitment, Mueller told Seamans, NASA planned to carry
one unit aboard the SAA-21U and the SAA-2il and 212 missioas.

Memorandum, G ,)rge E. Mueller to Deputy Administrator, "DOD Back Pack (AMU)

Experiment for Orbital Workshop Mission," 18 November 1966.

in J. Pemble Field, Jr., Director, Saturn/Apollo Applications Control, notificcl pro-

gram officials in Headquarters of Acting Director David M. Jones' decis'_on to
designate AAP missions in numerical sequence, starting with AAP-I (rather than

the former designation of S/AA-209). However, program planning documents

would still include tentative hardware assignments pending firm vehicle allo-
cations.

Memorandum, J. Pemble Field to Dist., "AAP Mission Designation," 18 November
1966."

21 A LM/ATM review team led by John M. Eggleston (MS(:) met at MSC to

determine the nature arid state of design of the LM/ATM; to evaluate the feasi-

bility t_f approach in each system area; and to identify interface areas between

MSC and determine areas n_eding MSC sui, port. The review group recom-
mended tasks that MSC stould or must do to a._sist MSFC; to fulfill MSC

responsibility in ensuring that tke LM remained a safe and useful manned space-
craft; and to provide MS(', management suificient data to negotiate with MSFC
on roles and missi ;n.

ATM presentation, 21 November 1966.

28 AAP Deputy Director John H. Disher advised the AAP Mana.;:,., ,,t MSC and
MSFC (Robert F. Thompson and Leland F. Belew, respectiwqy) of a number

of requirements that were to be included in a program-level interim specification

on the AAP cluster. These requirenwnts included solar cells with rechargeable

batteries, a two-gas emironmental control system, the capability for multiple
dockings, windows, and the capability for l(mg-term storage and reuse of the

b_sic hardware cluster. Disher emphasized that the A.kP OWS asseml;ly must
be produced at a minimttm cost and that no element of the system should incur
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additional costs to provide capabilities beyond those of the basic program require- !966

ments. Also, he pointed out, he did not demand that the OWS system bc guar- Novembor
anteed to last a year in space without some maintenance by successive crews.
The 28- and 56-day flights we;e goals rather than guaranteed requirements.

Letter, John H. Disher to Leland F. Be_ :w and Robert F. Thompson, "Orbital Work-

shop Configuration for 1968-1969 Ar.£ Missions," 28 November 1966.

NASA announced selection of Bendix Corl_,ration's Eclipse Pioneer Division to 2a

negotiate a contract for development and production of a pointing control system

for the ATM. The work, covering three flight units at an estimated cost of $6.9

million, was directed by MSFC. The pointing system, one of several flight sys-

terns to be developed for the ATM program, was based on design of a control

moment gyro that Bendix was already developing for Langley.

NASA News Release 66-309, "Aiming System Contract Let for Scope Mount," 28
November 1966.

NASA Hq announced the appointment of Charles W. Mathews, Gemini Pro- 30

gram Manager at MSC, to the post of Director of Saturn/Apollo Applicat:,ons.
(Mathews replaced David M. Jones, who had been Acting Director in addition

to his regular job as Deputy Associate Administrator for Manned Space Flight

[Programs].) Mathews assumed direction of the agency's effort to use Apollo

vehicles to extend scientific and technical exploration of space.

NASA News Release 66.-310, "Mathews Named to Headquarters Post-Apollo Job,"
30 November 1966.

John H. Disher released the report by a study group at Headquarters on various Deceml_r

modified lunar modules suitable for a lunar exploration program as part of AAP. t
These modified craft took the form of a LM taxi ferry and logistics craft, a LM

shelter, and an "augmented" LM. Disher authorized MSC to extend its engineer-
ing studies contract with Grumman to further define such modified LM con-

figurations. He also asked MSFC to try to increase the Saturn V's translunar

injection capability to 46 720 kg. These actions, he explained, afforded an op- i

portunity to pursue any of several alternatives once future landing levels were
known.

Memorandum, John H. Disher, NASA Hq, to Dist., "SAA Lunar Surface Exploration

Program," 1 December 1966. _,_

;!

NASA Hq issued a schedule which introduced the cluster concept into the AAP s

design. The cluster concept consisted of a Workshop launch following a manned

CSM launch. Six months later, a LM/ATM launch would follow a second
manned flight. The LM/ATM would rendezvous and dock to the cluster. The

first Workshop launch was scheduled for June 1968. As opposed to the habit- '_

able OWS and cluster concept which projected a much more complex program, :i
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1966 the S-IVB SSESM had been a comparatively simple mission requiring no ren-

dezvous and docking and _o habitation equipment.December

A major similarity between the old S-IVB/SSESM concept and the cluster con-

cept was use of the S-IVB stage to put the payload into orbit before passivation

and pressurization of the stage's hydrogen tanks. The new cluster concept em-

bodied the major step of making the Saturn-IVB habitable in orbit, incorporating

a two-gas atmosphere (oxygen and nitrogen) and a "shirt..sleeve" environment.

The OWS would contain crew quarters in the S-IVB hydrogen tank (two floors

and walls installed on the ground), which would be modified by Douglas Aircraft

Company under MSFC management; an airlock module (previously called the

SSESM) attached to the OWS, which would be built by McDonnell Aircraft

Corporation under MSC management; and a multiple docking adapter (MDA),

which would contain five docking ports permitting up to five modules to be
docked to the Workshop at any one time. The MDA would also house most

OWS astronaut habitability equipment and many experiments.

The sthedule called for 22 Saturn IB and 15 Saturn V launches. Two of the

Saturn IBs would be launched a day apart---one manned, the other unmanned.

Flights utilizing two Saturn V Workshops and four LM-ATM missions were also
scheduled.

NASA Hq Schedule, 5 December 1966.

s John H. Disher distributed to elements of his Headquarters organization and to

the Apollo Applications Managers at the field center's a list of action items and

required completion dates that resulted from a major AAP management and

planning review meeting at KSC on 9-10 November 1966. Disher listed 27 spe-

cific priority items, e.acompa._sing cost and schedule impacts of configuration

changes, reusable Workshop designs, solar panels versus fuel cells, two-gas atmos-

pheric selection, emergency procedures, extravehicular activity requirements,

experiment definition, Apollo-vehicle dgsign modifications required for AAP, a

definite plata for follow-on hardware procurement, testing requirements, reliability

and quality assurance, and organizational ard manpower requirements. These
sundry actions, he said, constituted a roll call of the fundatnental items that had

to be accomplished to establish a viable and ongoing AAP.

Mcmorandt,m,John H. Disher to Dist., "Action Items from Apollo Applicahons Meet-
ing at KSC, November 9-10, 1966," 5 Dccemhei' 1966, with attachment, "Apollo
Applications Program Meeting, Noveml_er 9-10, 1966, KSC: Action Items."

6 NASA Hq approved MSC's contract with McDonneU for the aidock portion of

the OWS experiment. The contract provided lor delivery of one flight unit, with

options for three additional modules if the agency so desired.

TWX, Kenneth S. Klelnknerht, MS(' to John H. Disher, NASA Hq, 16 December
1966.
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MSFC awarded a contract to Bendix Corporation to design and develop control ! 966
moment gyros to stabilize the attitude of the ATM in orbit, t)oc.,.b.,

NASA Contract NAS 8-20661, 16 December 1966. 16

During presentations on manned space station studies to Deputy Administrator 19
Robert C. Seamans, Jr., and Associate Deputy Administrator Willis H. Shapley,
discussions turned to the contributory role of the AAP to any NASA future space
station. Much had to be learned from AAP before agency officials and program
planners could lay down any firm program objectives for such a station (including
in the area of astronomy, which Associate Administrator for Manned Space Flight
George E. MueUer had said was a major justification for AAP). Seamans affirmed
that the agency would probably ultimately need such a large Earth-oriented capa-
bility, but that AAP would provide sufficient information on which to base future
policy decisions. Much would depend upon man's capabilities for long-duration
missions (another element that AAP was to prove out). Despite some criticism
from scientific elements both within the agency and in the country at large, Sea-
mans contended a great deal of interest existed in manned astronomical work and
that future space astronomy missions had a real need for man in space, especially
to perform inflight maintenance.

Memorandum for record, T. E. Jenkins, NASA Hq, "Action Items and Significant

Discussion, Manned Space Station Study Presentation to Dr. Seamans and Mr. Shapley

on December i9, 1966," 22 December 1966.
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Two proposed advanced airlock mission configuration design sketches prepared by
Wade W. Wilkerson of McDonnell Aircraft Corporation on 29 December 1966.

George E. Mueller wrote MSC Director Robert R. Gilruth and MSFC Director 22

Wernher yon Braun advising them of a joint MSC-Hq medical position regard-
ing selection of a gaseous atmosphere for the Apollo Applications S-IVB Work-
shop, This medical position, based upon retention of the existing 100-percent
oxygen environment in the command module, called for a "shirt-sleeve" atmos-

phere in the Workshop of 69-percent oxygen and 31-percent nitrogen at 35 kilo-
newtons per sq m (5 psia). (One-hundred-per:ent oxygen was still required for
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1966 spacesuited emergency operation and during extravehicular activities.) Mueller

solicited from the Center Directors comments on the engineering design andDec,tuber
operational techniques of the Workshop Mission.

Letter, George E. Mueller, NASA Hq, to Robert R. Gilruth and Wernher yon Braun,
22 December 1966.

22 MSC announced a reorganization of the Apollo Applications Program Office at

Houston. Key assignments were R. F. Thomp_n, Assistant Manager; K. F.

Hecht, Orbital Workshop Project Office Manager; H. E. Gartrell, Future Mis-

sions Project Office Manager; W. D. Wolhart, Program Control Office Deputy

Manager; H. W. Dotts, Systems Engineering Office Manager; W. H. Douglas,

Test Operations Office Manager; and W. B. Evans, Mission Operations Office

Manager.

MSC Announcement 66-184, "Organization and Personnel Assignments of the Apollo

Appilcations Program Office," 22 December 1966.

2a In a memorandum to the Associate Administrator for Manned Space Flight,

George E. MueUer, Saturn/Apollo Applications Deputy Director John H. Disher

posed a number of AAP issues needing resolution:

(1) Should AAP be portrayed as an "open-ended" program or should the

agency identify a certain goal or activity as marking its completion?

(2) Should AAP include space rescue activities?

(3) The Office of Manned Space Flight (i.e., MueUer) must agree upon the

feasibility of including in AAP's objectives retrieval of panels from one of the

Pegasus-series oi meteoroid detection satellites (an experiment given high priority

by the Office of Advanced Research and Technology).

(4) Regarding the Mission Planning Task Force's effort to define the AAP
Earth-orbital missions for 1969, a fundamental conflict in objectives existed be-

tween reuse of modules from previous mi._ions (in a 28V_-degree-inclination orbit)
versus the goal of conducting "AAP-A" meteorology experiments at their re-

quired higher orbital inclination (at least 50 degrees). The priorities of orbital
inclination versus reuse of modules must be determined, Disher told Mueller.

(5) In !ight of evident program funding constraints, what should really be

done about the hmar exploration part of AAP (shelter-taxi vs. augmented lunar

module, etc.)?

A few days later, Disher posed some additional questions for Mueller to consider:

(1) Should Headquarters t,rge the Centers to make stronger efforts in the
area of competitive procurenaent of follow-on hardware?

(2) What shonld the long-term policy be regarding the systems engineering
role of Bellcomm, Inc., in AAP and advanced mi._sions?

Memorandum, John H, Diflwr to George I';, Mueller, "AAP ProblemC' 23 December
1966; note, John H. Disher tt_ George F.. Mueller, "Additional AAP Questions |or

Dr. MueUer's Consideration," 28 December 1966,
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NAbA Hq officiall.v promulgated minion objectives of the AAP-1 and AAP-2 1966
flights. They were to conduct a low-altitude, low-inclination Earth-orbital mission

December

with a three-man crew for a maxinmln of 28 days using a spent S-IVB stage as

an OWS; to provide for reactivation and reuse of the OWS for subsequent mis- a0
sions within one )'ear from initial launch; and to perform test operations with the

lunar mapping and survey _;,._temin Earth orbit.

NASA Hq, SAADirective No. 3A, 30 December 1966.

John H. Disher, Deputy Director of Saturn Apollo Applications, established spe- 1967

cific design criteria for the OWS mission. These criteria required MSFC to pro-
ceed with the design of the MI)A and the integration of experiments into it for J,,u,,_

launch stowage. It also required MSFC to perform systems engineering analyses 4

on the OWS ensuring its compatibility with the baseline configuration of the

MDA. MSC was required to take action necessary for integration of government-

furnished solar cells into the MDA and to examine the rechargeable battery

capacity required for independent operation from the CSM.

Letter, John H. Disher to R. F. Thompson, MSC, and L. F. Belew,MSFC, "Orbital
Workshop Configurationfor 1968 1969 AAP Missions,"4 January 1967.

A Science and Applications Directorate was established at MSC to plan and Io

implement MSC programs in space sciencc and applications, act as the MSC

focal point in these programs, and provide the Center's point of contact with the

scientific community. Establishment of the Science and Application Directorate

reflected the growing significance and responsibilities of MSC in these areas. The

position of Director for the new organization was not filled at this time. Wilmot
N. Hess was later nanled Director; Robert O. Piland, Deputy Director.

MSC Announcement67-7, 10Jammry 1967; MSCAnnouncement67-27, 17February
1967.

MSC requested assistance from LaRC through use of the Langley full-scale ren- 16

dezvous docki,lg simulator to provide data for AAP docking requirenlents. It was

anticipated that the docking of the hmar m:tpping and survey system to the OWS

would partially obstruct the pilots' view, and that the CSM payload configuration
would have sluggish handling qualities in both translation and rotation. A study

using the Langley fllll-scale rendezvous docking simtdator would provide useful

data for the AAP docking requirelnents.

Letter, George M. l.mv, MSC, for Robert R. Gilruth, MSC, to F. L. Thompson,
LaRC, "Simulation of Apollo ApplicationsProgramdocki_xg,"16 January 1967.

.At a NASA Hq briefing, Asmciate Administrator for Manned Spaze Flight George 2_,

E. Mueller stated that NASA planned to form an "enlbryoific space station" in

1968 69 hy clustering four AAP payloads launched at different times. The first

rnission would be the launch of a lnanncd spacecraft followed several days later
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1967 by a spent S-IVB stage converted into an OWS. After the two spacecraft had
docked, the crew would enter the Workshop through an airlock. Twenty-eight

January
days later they would passivate the OWS and return to Earth in their spacecraft.
In three to six months, a second manned spacecraft would be launched on a 56-

day mission to deliver a resupply module to the OWS and to rendezvous with an
unmanned ATM, the fourth and last launch of the series. The cluster would be

joined together using the nmhiple docking adapter. Emphasizing the importance

of manning the ATM, Mueller said that "if there is one thing the scientific com-

munity is agreed on it is that when you want to have a major telescope instrument

in space it needs to be manned."

NASA Apollo Applications Briefing, 26 January 1967.

2z Apollo Spacecraft Program Manager Joseph F. Shea sent a flash report to NASA

Hq: "During a simulated countdown for mission AS-204 on January 27, 1967,
an accident occurred in CM 012. This was a manned test with the prime astro-

naut crew onboard. A fire occurred inside the command module resulting in the

death of the three astronauts [Virgil I. Grissom, Roger B. Chaffee, and Edward

H. White, II] and as yet undetermined damage to the command and service

modules." (See also 24 May 1967 entry.)

TWX, Joseph F. Shea to NASA Hq, Attn: Apollo Program Director, 28 January
1967.

February Despite the fact that crew assignments for the ATM flight had not yet been made,

1 Saturn/Apollo Applications Program Director Charle.s W. Mathews recom-
mended to MSC AAP Manager Robert F. Thompson that scientist astronauts

who had been participating in the ATM program at Huntsville be given an op-

portunity to visit a number of leading astronomical observatories in the country.

In this manner, Mathews said, potential crew members could derive a better

understanding of the equipment being employed, operation techniques being used,

and the nature and types of observations being made.

Letter, Charles W. Mathews to Robert F. Thompson, "Apollo Telescope Mount (ATM)
Scientist/Astronauts' Familiarization with Ground-Based Observatories," 1 February
1967.

2 The AAP experiments program was divided into two primary phases of activity_

definition and development. During the definition phase, one of the major prob-

lems was the selection and definition of high-quality experiments from which a

well-rounded experiments program could be identified in time to effectively sup-

port the planning of future missions and flight programs. Once the experiments

were defined and approved for flight, the experiment passed into the development

phase with somewhat different problems. During this second phase, such facets

as program direction, resource requirements, program status, and problems en-

countered in experiment implementation were of primary concern.
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Letters, George E. Mueller, NASA Hq, to Wernher yon Braun, MSFC, 2 February 1967
1967; Wernher yon Braun to Ge_rge E. Mueller, 2 March 1967.

February

NASA awarded Allis-Chalmers Manufacturing Company a contract to continue _1
AAP fuel cell work. Under the new agreement, the contractor was to improve
system performance leading to a 2500-hour operational lifetime.

NASA News Release 67-33, "Contract Set for Fuel Cell Power System," 21 February
1967.

A meeting at NASA Hq Leviewed the status of mission configurations for the 23-2s
AAP-1/AAP-2, AAP-3, and AAP-4. Agreement was reached on a baseline
description for the first four flight.

Letter, Charles W. Mathews, NASA Hq, to Robert F. Thmnpson, MSC, 9 March 1967.

A fundamental principle of AAP planning and implementation was the use of 2s

Apollo-developed components, subsystems, and operating procedures with no
modificationswherever possible. By rigorous application of this principle, the cost
of doing businessin manned space exploration would be reduced, thus helping to
ensure a continuing program leading to the next generation of manned space
systems.

Letters, Charles W. Mathews, NASA Hq, to Robert F. Thompson, MSC, "CSM
Earth Orbital Mission Capabilities," 28 February 1967; Maurice J. Raffensperger,
NASA Hq, to W. E. Stoney, MSC, 22 February 1967.

George S. Trimble, Jr., joined NASA as Director of the Advanced Manned Mis- M._h
sions Program, Office of Manned Space Flight, succeeding Edward Z. Gray, who 6

resigned. Before joining NASA, Trimble had served ,_sVice President-Advanced
Programs, The Martin Company, Baltimore, since 1960.

NASA News Release 67-44, "Trimble Appointed in Manned Flight Future Missions,"
6 March 1967.

To facilitate program management operations involving inter-Center activities, 9
Saturn/AAP Director Charles W. Mathews created an AAP Inter-Center Inter-
face Panel structure. Panels included mechanical, electrical, instrumentation and
communications,and mission evaluation. Two weeks later, Mathews added three
more panels to the structure: mi_ion requirements, systems integration, and sys-
tems safety.

Letters, Charles W. Mathews, NASA Hq, to MSC, Atm: AAP Program Manager,
"Establishment of AAP Inter-Center Interface Panel Structure," 9 Marcia 1967, and

24 March 1967; Apollo Applications Program Directive No. 7, "Establishment of
AAP Inter-Center Interface Panel Organization," 21 September 1967.
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1967 The Naval Research Laboratory awarded a subcontract to Ball BrothersResearch

March Corporation for the production of the Apollo telescope mount NRL experiments.
Prior subcontracts had been let with Ball for production of the High Altitude

ts Observatory experiment on 11 January 1965, and for the Harvard College Ob-
sevlatory experiment on 27 December 1966. Development responsibility was
transferred from Goddard Space Flight Center to MSFC.

NRL Contract N00014-67-C-0470, 1 June 1967.

iv Donald K. Slayton, MSC Director of Flight Crew Operations, expre_ed concern
over the excessive number of experiments assigned to the first AAP mission. Ex-
perimenters had requested 672 man-hours for inflight accomplishment of experi-
ments, where only 429 man-hours were available, creating a deficit of 243 inflight
man-hours. The same problem was applicable to premission experiment training.
Experimenters were requesting 485 hours per man for premission experiment
training, where only 200 hours per man were available, creating a deficit of 285
hours per man.

Memorandum, Donald K. Slayton to Assistant Manager AAP, "Apollo Applications

Mission 'A' experiments," 17 March 1967.

20 MSFC awarded Bendix Corporation a contract for development and production
of the ATM pointing control system. The control system would enable astronauts
to point a telescope at selected regions of the Sun during periods of maximum
solar flare activity. MSFC had earlier awarded American Optical Company a
contract to build a dynamic simulator for use in developing the pointing control
system.

NASA News Release 67-66, "Bendix Awarded ATM Point-Control System Contract,"
20 March 1967.

_4 In response to AAP Assistant Manager Robert F. Thompson's request for tech-
nical support for AAP from existing Apollo contractors, Robert G. Chilton of the
Guidance and Control Division recommended that the Massachusetts Institute of

Technology Instrument Laboratory (MIT/IL), designer of the Apollo guidance
and navigation system, be given the task of determining the suitability of the
Apollo guidance and navigation system to perform the AAP minions. Since this
task was of "prime importance at this stage of AAP planning," Chilton recom-
mended that it have "immediate priority."

Memorandum, Robert O. Chilton, MSC, to Assistant Manager, AAP Ot_ee, "Apollo

Applicatioas Program (AAP) design analysis task for MIT/IL," 24 March 1967.

24 In accordance with design discussions and decisions reached during discussions
several days earlier, AAP Director Charles W. Mathews directed Center AAP

Manager3 to implement a modified OWS electrical power system. Because of in-
creased electrical power requirements resulting from making the OWS a habit-
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able laboratory, solar cell arrays were added to each side of the S-IVB stage to 1967

provide most of the electrical power used during AAP cluster operation. (Before Mor,h
this design shift, the CSM's fuel cells had been considered the primary source of
power.) In addition, the ATM would still have its own solar array panels and
power system.

Letter, Charles W. Mathews to R. F. Thompson, MSC, L. F. Belew, MSFC, and
R. C. Hock, KSC, "Electrical Power Supply for S-IVB Workshop," 24 March 1967.

NASA stated that the purposes of Apollo Applications missions 3 and 4 were to 2r

• Increase man's knowledge of the characteristics of the Sun by conducting
solar astronomy observations in space during a time of maximum solar activity.

* Conduct an operational evaluation of the performance characteristics of a
manned solar astronomy system to provide engineering and scientific data essential
to the development of advanced orbital solar and stellar observation systems.

• Demonstrate feasibility of

(1) Reactivating an OWS that has been left unattended in Earth orbit
for several months.

(2) Reusing the OWS as a base of operations for the conduct of experi-
ments in solar astronomy, science, applications, technology, engineering, and
medicine.

. Qualify man, evaluate his support requirements, and determine human
task performance capabilities on long-duration manned space flight missions.

AAP Directive No. 5, 27 March 1967,

Technicians from MSC's Landing and Recovery Division conducted demonstra- April
tions of land-landing at Ft. Hood, Texas, on 6, 11, and 12 April. The demon-
strafions were part of MSC's effort to develop an advanced system to provide a
land-landing capability for the Apollo Applications Program, an improved launch
abort situation, and reduced horizontal velocities for water landings.

Memorandum, C. C. Kraft, Jr., MSC, to Dist., "Advanced Landing System Opera-
tional Demonstration," 3 April 1967.

Donald K. Slayto_, MSC Director of Flight Crew Operations, requested that the 6

proposed T--020 "Jet Shoes" experiment be removed from all AAP flights. The
"Jet Shoes" experiment was an astronaut maneuvering system consisting of two
smaU thrusters mounted one beneath each foot and oriented so that the thrust

vectors passed close to the center of body mass with legs and feet in a comfortable
position.

DuringJanuary,anengineeringdevelopmentmodelofthe"JetShoes"wastested
by severalastronautson theMSC airbearingfacilityin cooperationwiththe

PrincipalInvestigator.Althoughthetestsbytheastronautswcrcshirt-sleeverums
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1967 an LaRC test pilot made several runs in an inflated pre._sure suit. The results

were unsatisfactory. In his objections to the experiment, Slayton suggested thatApril
its attempted use by an astronaut wearing a life support unit would provide ex-

tremely poor visibility.

Memorandum, Donald K. Slayton to Assistant Manager, MSC AAP, "Request for
removing the T-020 'Jet Shoes' Experiment from all AAP flights," 6 April 1967.

11 An AAP schedules meeting attended by the Center AAP Managers and the Head-

quarters' Directors was held on 31 March 1967 at NASA Hq. Consensus was
that the airlock-multiple docking adapter tasks were well detailed and that the

projected schedule for AAP-2 (Orbital Workshop operations) was realistic.

Memorandum, C. W. Mathews, NASA Hq, to M/Associate Administrator for Manned
Space Flight, "Schedule Assessment of AAP 1-4," II April 1967.

I s An informal presentation was made to NASA-KSC by Grumman Aircraft Engi-

neering Corporation proposing Grumman as the integrating contractor for the

hardware and facility modification phase at Launch Complex 37 (LC-37) for all

phases of AAP activities on LC-37. The presentation defined the work and

schedules confronting NASA at LC-37 for the AAP.

Memorandum, L. P. Lopresti and E. T. Barron, Grumman, to G. M. Skuda, KSC,

"Proposal to make GAEC the integrating contractor or, LC-37 for post LM-I launch,"
13 April 1967.

_e-l_ A meeting was held at MSFC to review the S-IVB ._,age for acceptability as a
habitable vehicle. Personnel from MSC and MSFC attended. A presentation on

the flammability testing of the liquid hydrogen tank insulation with an aluminum
foil flame retardative liner was made by MSFC personnel. During the course of

the meeting, various actions were established relating to habitability requirements
of the S-IVB,

Minutes of MSC/MSFC Saturn S-IVB Habitability Review, 18-19 April 1967.

2r NASA awarded contracts to General Electric and Lockheed to conduct four-

month parallel studies of a medical laboratory to support AAP missions, Desig-

nated the integrated medical and behavioral laboratory measurement system, the

laboratory would permit detailed evaluation of body systems and crew functions

during flight, It could be flown as a complete laboratory or as selected groups of

measurement instruments on specific missions.

NASA News Release 67-102, "Apollo Application Studies Set," 27 April 1967.

2t The McDonnell Company and Douglas Aircraft Company merged to form

McDonnell Douglas Corporation.
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Telecon, R. Newkirk, HSCC, with F. Morgan, McDonnell Douglas, 15 October 1974. 1967

Both MSFC and MSC recognized the existence of a potential interference of con- M°v

taminant materials in the vicinity of manned spacecraft with the optical equip- 1
ment Oil the ATM. It was also recognized that certain building materials that

might create contaminate problems needed to be avoided in the ATM structure.

A considerable activity concerning this contamination problem had already de-

veloped at MSFC, MSC, NASA OSSA, some contractor plants, and the ATM

Principal Investigators.

Letters, Wernher yon Braun, MSFC, to Robert R. Gilruth, MSC, 8 March 1967;

Robert R. Gihath to Wernher yon Braun, 1 May 1967.

A preliminary design review was conducted at MSFC during 2-10 May 1967 to 2-1o

evaluate the basic design approach of the MSFC/MSC/McDonnell Douglas

team relative to the spent-stage aspects of the Orbital Workshop project. Purpose
of the review was to define a baseline design on as many subsystems as possible

and to define steps leading to a bascline on the remaining subsystems.

Letter, Chairman, Orbital Workshop Preliminary Design Review to Dist., "Minutes of
Orbital Workshop (OWS) Preliminary Design Review (PDR) During May 2-10, 1967,

at MSFC," 24 May 1967.

Confidence in any selected course of action in committing man to the space ve- 4

hicle environment had grown slowly, based on actual experience. In this respect

NASA had followed the philosophy of incremental exposure, generally doubling
the duration of successive manned missions as long as no unforeseen medical prob-

lems were encountered in crews returning from space flight. This enabled NASA

to acquire biomedical information from which to begin formulation of general
statements about the effects of the space flight environment on human physiology.

Memoranda, J. Bollerud, NASA Hq, to C. W. Mathews, NASA Hq, "Preliminary
Ideas Regarding Rotation of Crews in AAP Missions," 10 January 1967; C. W.

Mathews to J. Bollerud, "Crew Rotation in AAP Missions," 2 March 1967; A. D.

Catterson, M:SC, to Julian West, MSC, "Crew Rotation for Long Duration Manned

Space Flight," 4 May 1967.

Some significant features cf a revised Apollo and AAP-integrated program plan s
were: CSM would be available to support the first four AAP launches; AAP-I/

AAP-2 in early 1969 w_.re to accomplish OWS objectives; AAP-A/AAP--4 in
mid-1969 were to accomplish the 56-day ATM objectives in conjunction with

reuse of the OWS. Two additional AAP flights were planned for 1969 to revisit

the OWS and the ATM using refurbished command modules flown initially on

Earth-orbit Apollo flights in 1968. AAP missions planned for low Earth orbit

during 1970 would utilize two dual launches (one manned CSM and one un-

manned experiment module per dual launch) and two single-launch, long-duration
CSM to establish and maintain near-continuous operation of the OWS cluster

and a second ATM.
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|967 Memorandum,GeorgeE. Mueller,NASA Hq, toDeputyAdministrator,"Revised
ApolloandAAP IntegratedProgramPlan,"5 May 1967.

Moy

s Grumman Aircraft Engineering Corporation presented to the MSC AAP Offcc a

preliminary statement of work and cost proposal for developing the LM as an

ATM for the AAP-4 mission. The AAP staff then began reviewing the proposal

which described the work necessary to develop the final LM-ATM spacecraft
configuration.

MSC, "AAPO WeeklyActivityReport," 10May 1967.

S Required changes in the Apollo Applications Program flight schedules resulted

in plans for the Earth-orbital test of the lunar mapping and scientific survey

(LM&SS) as part of a single launch mission unrelated to the Orbital Workshop.

The mission would have the primary objective of conducting manned experi-

ments in space sciences and advanced technology and engineering, including

the Earth-orbital simulation of LM&SS lunar operations. The LM&SS would
be jettisoned after completing its Earth-orbital test. Planned launch date for the

mission was 15 September 1968.

Letter,C.W. Mathews,NASA Hq,toR.F.Thompson,MSC, "EarthOrbitalTestof
LM&SS,"8 May 1967.

11 The AAP Office (NASA Hq) was preparing a draft task definition for a pro-

posed command module modification contract. It would include primary and
alternate locations for work; proposed interface of the modification contractor

with North American; timing of the work effort; and definition of the work

to be performed. Purpose of the proposed contract was to modify and refurbish

Apollo hardware for AAP.

Memorandumfor record,J. R. Biggs,NASA Hq, "ApolloProcurement,Program,and
OrganizationActionItems," 11 May 1967.

12 Release oI a staff paper by J. Bollerud and C. Berry recommending a 35-kilo-

newtons-per-sq-m 69-percent-oxygen, 31-percent-nitrogen, shirt-sleeve atmosphere

in the OWS initiated a discussion as to its impact on engineering design and

operational plans, as well as the physiol.,gical response of test subjects to a one-

gas (pure oxygen) system over extended periods of time. The consensus was

that the 35-kilonewton (5 psia) oxygen-nitrogen for the OWS would best serve

theneedsof the OWS Earth-orbiting program.

Letters, GeorgeE. Mueller, NASA.Hq, to Wernheryon Braun, MSFC, 22 December
1966; Robert R. Gilruth, MSC, to George E. Mueller, 12 May 1967; memoranda,
D. R. Hagner, Bellcomm,to John H. Disher, NASA Hq, "Comments on Draft ltr.
from W. yon Bra,,n to G. E. Mueller re two-gasatmosphere in the S-1VB Workshop,"
24 January 1967; E. Z. Gray, NASA Hq, to Deputy Associate Administrator (Pro-
grams), "Two-Gas Systems," 2 February 1967; J. Bollerud, NASA Hq, and G. Berry,
MSC, staff paper, "Two-Gas Atmospheresfor Prolonged Manned Space Missions in
the S-IVB Workshop,"December 1966.
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Guidelines and a set of minimum requirements to be met by each Center in 1967
establishing their configuration management systems for AAP were prescribed

by NASA Hq. Configuration management systems would be progressively ap- M.y

plied as individual projects matured. Once documentation such as a program

or project baseline description had been officially issued, or documentation is

approved at formal design reviews such as a preliminary design review or critical

design review, changes to such documentation would require formal approval
through configuration management procedures, thereby establishing full con-

figuration control at the critical design review.

Letters, C. W. Mathews, NASA Hq, to R. F. Thompson, MSC, L. F. Belew, MSFC,

and R. C. Hock, KSC, "Documentation of Configuration of Hardware at Time of
Turnover to AAP from Apollo," 13 March 1967; C. W. Mathews to R. F. Thomp-

son, L. F. Belew, and R. C. Hock, "Configuration Management," 15 May 1967.

Flight training hardware, identical in configuration to the flight hardware 23

except that it need not be flight qualified, was required for training purposes.

The training hardware consisted of those components of experiment hardware

that required manipulation, handling, observation, or other usage by astronauts

during flight. Neutral buoyancy training hardware was also required for under-

water zero-g simulation training.

Letter, R. F. Thompson, MSC, to L. F. Belew, MSFC, et al., "Experiment training
hardware requirements," 23 May 1967.

The ATM would offer a unique combination of several important advantages 24

over previous manned orbital astronomical experiments, ground-hased observa-
tories, and unmanned orbital observatories. It would be the first U.S. manned

mission with a primary goal of recovering scientific data. The ability to observe

the Sun in previously inaccessible but important regions of the electromagnetic

spectrum, to observe the details on the solar disk and in the corona for nearly
two solar rotations, and to react rapidly to unpredictable and unexpected occur-

An early version of the Apollo
telescope mount.
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1967 rences with instruments of high data acquisition capabilities would be an un-

M,y precedented combination of opportunities available only to the crewman operat-
ing the ATM. However, it was essential to recognize that the crewman's ability
to ob,_erve, exercise judgment, and efficiently conduct the routine experiment

tasks, as well as to rapidly respond to unpredictable phenomena would be con-

tingent upon the existence of displays in the proper wavelength reg;'ns with
sufficient resolution to observe the important features on the solar disk. Also

necessary would be controls which would combine simplicity and versatility to

facilitate equipment setup for data acquisition.

Letter, D. K. Slayton, MS(I, to R. F. Thompson, MS(2, "Flight Crew Operations
Directorate Requirements and Philosophy on ATM Displays and Controls," 24 May
1967.

24 Because of the Apollo 204 accident in January and the resulting program delays,

NASA realigned its Apollo and AAP launch schedules. The new AAP schedule
called for 25 Saturn IB and 14 Saturn V launches. Major hardware for these

l_unches would be two Workshops flown on Saturn IB vehicles, two Saturn V

Workshops, and three ATMs. Under this new schedule, the first Workshop
launch would come in January 1969.

NASA Hq Schedule, 24 May 1967.

2_ NASA announced that LaRC had selected Northrop Ventura Company to

negotiate a contract to conduct a research program (including flight tests) of
a flexible pavawing for potential use in manned spacecraft landing systems.

Northrop Ventura would evaluate the suitability of using a parawing (instead
of conventional parachutes) to allow cuntrolled descent in a shallow glide and

thus offer wide flexibility in choosing a touchdown point, as well as provide a

soft landing impact. The parawing would be evaluated for possible use on the

Apollo Applications Program during the early 1970s to achieve a true land-

landing mission capability.

NASA News Release 67 134, "NASA Contracts for Parawing Test Program," 29 May
1967.

_1 A status review of the studies being conducted by North American Aviation on

the AAP command and service modtdes' electrical power system was held at

MSC. It was agreed that North American Aviation should pursue a two-

regulator powel control and regulation configuration and redundant battery
changer configuraticm. The baseline fuel cell for AAP-I would u,._ 31-cell,

ceria-coated, cobalt-actiwtted fuel cells.

MS(2, "AAPO Weekly Activity Report," 31 Ma,y 1967.

Jun, The Apollo Applications tnksions were designed to build upon the base of flight

1 experience, ground facilities, ard trained ntanpower developed in p_.st programs.
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Each mission was designed to take full advantage of the Apollo Saturn system 1967
to make significant contributions to a wide range of objectives. Missions were Jtmo

planned to gain experience, test theory, perform experiments, and collect data.

Key elements of the planning included the decision to use, modify, and expand
Apollo systems capabilities and to reuse basic hardware for multiple missions.
Principal objectives of the AAP were the development of an extended flight
capability to determine the usefulness of man in space; the conduct of manned

astronomical observations from space; and the development of econom:,:al space
flight through hardware reuse and long-duration flight.

OMSF-NASA, Apollo Applications Program Technical Summary, : June 1967.

During an informal discussion held in the Office of the Deputy Administrator, 1
the AAP Office recommended that steps be taken to select a modification and
refurbishment contractor to engage in a study of modification and refurbishment
task requirements. The study would enable NASA to determine the feasibility
of following a modification and refurbishment route for AAP.

Memorandum for record, R. C. Seamans, Jr., NASA Hq, "June 1, 1967, meeting to
discuss AAP payloads," 1 June 1967.

An Apollo Apulications Program test review group, consisting of personnel from s-13
MSC, MSFC, and McDonnell, met in St. Louis on 5 June. The purpose of
the meeting was a further definition of the ground rules governing the proposed
integrated structural testing of the MDA/AM and to review the test req_ "-
ments for compatibility. A second meeting of the group was held 13 Jut t_
review MSC, MSFC, and McDonnell facilities schedules to select a test site.

MSC, "AAPO Weekly Activity Report," 14 June 1967.

Kurt H. Debus, KSC Director, expressed concern that a proposal, if adopted, 6
for a separate command and service modules launch contractor for AAP would
create a very difficult operational environm_.nt. Debus said it was difficult to
see how KSC could have two separate contractor teams responsible for checking
out substantially the same kind of stage hardware on the same test equipment,
when the schedule would require simultaneous operations or at least intermittent
sequential activity by both contractors in the same facilities. KSC was already
copi_;g with the challenge of integrating, within common facilities, the work

of six Apollo contractors preparing separate stages with separately assigned
checkout equipment. A most serious problem would be the interference with
ongoing mainline Apollo operations created by the activity of a new contractor
attempting to familiarize himself with facilities, equipment, and procedures in
the same timeframe as the most critical Apollo missions.

ORIGINALPAGE I_
Letter, Kurt H. Debus ,_ George E. Mueller, NASA Hq, 6 June 1967. OF POOR QUAI2_
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1967 At an American Institute of Aeronautics and Astronautics meeting in Wash-

_.n, ington, Associate Administrator for Manned Space Flight George E. Mueller
outlined a number of innovations ill AAP to achieve reductions in the unit cost

6 of future space mis_sions: (1) reuse of conmmnd modules; (2) land landing,
which would greatly facilitate such spacecraft reuse; (3) "double use" of the, i

S-IVB as both a propulsive stage and an OWS once in orbit; (4) repeated use i

of the OWS during a series of mi,_ions; (5) flights of increasingly longer duration ]
(approaching perhaps a )'ear or more); and employment of existing Apollo ]
flight hardware, physical facilities, management expertise, and industrial orga-

nizations once the), became available. Thus, said Mueller, AAP would evaluate

man's usefulness in space at a relatively low cost, and that measurement would

be "obtained by doing useful things--astronomical observation, extended explora-

tion of the moon and experiments with sensing equipment that can lead to

benefits of enormous significance to all mankind."

Astronauticsand Aeronautics,1967, p. 178.

3

1, The purposes of the AAP-1/AAP-2 mission were (I) to conduct a .low-altitude,

low-inclination, Earth-orbital mission with a crew ot three men, open ended

to 28 days' duration, using a spent S-IVB stage as an OWS; (2) to provide for

reactivation and reuse of the OWS during subsequent minions occurring up to

1 year later; (3) to conduct inflight experiments in the areas of science, appli-

cations, technology, engineering, and medicine; and (4) to qualify man, evaluate

his support requirements, and determine human task performance capability on
long-duration manned space flight minions.

Objectives of the mimion were to (I) demonstrate rendezvous and hard docking

of the comnmnd and service modules to the multiple docking adapter; (2) deter-

mine the feasibility of operating the OWS as a habitable space structure for an
extended period; and (3) obtain data to evaluate space flight environmental

effects on the crew of a mission duration of 28 days.

AAP Directive No 3Bj "Flight Mission Directive for Mission AAP-I/AAP-2," 19
June 1967.

I_-al MSFC and MSC representatives met with Principal Investigators at MSC where

detailed briefings on the ATM were held. This was the final briefing of a series

on ATM systems and experiments. _!

MSG,"AAPO WeeklyActivityReport," 28 June 1967. i

21 Both North American and (;rumman were ()tit of funds on Apollo Applications ,

Program contracts. Procurement plans for fi41ow-ott effort with both contractors
were in Headquarters for approval. North Anterican was limiting its effort to

AAP-1 and AAP--2. No wt,rk peculiar to AAP-3 and AAP-4 was being

accomplished. Grumman wits continuing operations using its own funds.
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MSG, "AAPO Weekly Activity Report," 21 June 1967. ] 967

June

Donald K. Slavton and Christopher C. Kraft, Jr., of MSC stated that it was

mandatory, in their opinion, to launch tLe unmanned vehicle first in the 28

AAP-1/AAP-2 mission. Reasons cited were the following:

• If the unmanned vehicle failed to achieve orbit or could not be made

to function once in orbit, the CSM would not be launched as planned. This
would eliminate subjecting the flight crew to the potentially hazardous conditions

of booster-powered flight, service propulsion system circularization burn, retrofire,

reentry, landing, and recovery. It would also save cost% since the CSM could
be used for another mission.

• Operationally, it would be more feasible to ,ascertain that an unknown

configuration could withstand a lat_nch phase than to ccmmit a proven space

vehicle without this knowledge.

Memorandum, C. C. Kraft, Jr., and D. K. Slayton to R. F. Thompson, MSC, "Un-
manned versus manned launch sequence for AAP mission 1/2," 28 June 1967.

Prenegotiation factfinding sessions with Grumman were completed at MSG. a0

Agreement was reached on the statement of work for the final definition (phase
C) of the LM for the first LM/ATM mission and continued definition study

(phase B) for utilization of the LM. Grumman cost proposals were discussed

from the manning aspect only. Dollar figure discussion was delayed pending veri-
fication of bid rates.

M$C, "AAPO Weekly Activity Report," 5 July 1967.

MSC established an Apollo Applications Program Mission Design Information ,uly

Group within the Minion Planning and Analysis Division. Function of the new 3

group was to establish mission planning information requirements, acquire the

necessary information, and integrate and publish the information in support of

mission planning milestones. Data categories included such items as configuration,

propulsion, aerodynamics, sequences of events inherent in spacecraft design, con-

sumables, electrical power, environmental control, communications, thrust vector

control, guidance and navigation, and mass properties.

MSC Announcement 67-101, "Apollo Applications Program Mission Design Informa-
tion Group," 3 July 1967.

MSFC and MSC personnel met at MSC to resolve action items from a Head- s

quarters test meeting held on 30 March. The action items involved the LM/ATM
thermal vacuum test program. General agreement was reached on test configura-

tion, with MSC supporting the MSFC position that a thermM vacuum test was

necessary on the ATM flight unit. MSC agreed to conduct a chamber contami-

nation test with jointly agreed upon procedure.s.
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1967 MSC, "AAPO Weekly Activity Report," 5 July 1967.

July
Increased activity and interest in the ATM project created the necessity for con-

11 ducting ATM monthly project reviews in the Office of Manned Space Flight.
MSFC provided the principal inputs on such aspects as schedules, funding, and
technical performance. Material covered progress achieved during the month,
current problems, and actions taken.

Letter, C. W. Mathews, NASA Hq, to R. F. Thompson, MSC, "Apollo Telescope
Mount Monthly Project Review," 11 July 1967.

12 Detailed discussions by MSC representatives with Lockheed and Martin were
completed on the planned AAP-A and AAP-B carrier definition studies which
were to be accomplished during the next 60 days. Discussions had begun on 27

June. A common work statement was prerared and forwarded to MSFC for
release to the contractors. Additional meetings were planned with both con-
tractors to familiarize them with MSC engineering and operations organizations.

MSC, "AAPO Weekly Activity Report," 12 July 1967.

24 A factfinding tour of NASA's major manned space flight facilities at the end of
June by Deputy Administrator Robert C. Seamans, Jr., and top members of the
Administrator's immediate staff produced a broad evaluation of the program roles
and workloads of the various Centers in light of coming Apollo accomplishments
and transition to other manned space flight programs. In regard to AKP, _tf
members recommended to Seamans that flight schedules be stretched out to
reduce costs, and that the agency investigate the feasibility of including Earth-
sensing payloads abu,.d the b,x_ic Apollo AAP spacecraft. In p:rt, study of
Earth-sensing payloads should include definition of those payloads per se; launch
vehicle requirements to achieve high-inclination Earth orbits; development status
of the AAP cluster hardware for the Orbital Workshop; definition of biomedical

technology; and experiment requirements at MSC.

Letter, C. R. Praktish, NASA H,_, to R. C. Seamans, Jr., NASA Hq, "Report Cover-
ing Visits to KSC, MSFC, MTF, Michoud, and MSC--June 26-June 28, 1967," 24
July 1967.

2s-26 An ad hoc committee formed to establish the critc.-iafor combined AM/MDA
manned altitude chamber testing met at MSC. Agreement was reached on
ground rules for the detailed planning of the mated vehicle test program and for
the proposed test flow of the combined vehicle.

MSC, "AAPO Weekly Activity Report," 2 August 1967.

26 NASA selected the Martin Marietta Corporation, Denver Division, for negotiation
of a 27-month contract for payload integration of experiments and experiments

suppotct equipment in space vehicles for the AAP. Initial work of the contractor
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involved the OWS and ATM at MSFC; meteorological and Earth resources pay- 1967

loads at MSC; and test integration planning and support for launch operations s.ov
at KSC.

NASA News Release 67-199, "Contract Set With Martin Co. for AAP," 26 July
1967; memoranda, L. W. Vogel, NASA Hq, to Associate Administrator for Manned
Space Flight, "Selection of Contractor to Accomplish Apollo Applications Program

Payload Integration (Phase D)," 27 July 1967; G. E. Mueller, NASA Hq, to Deputy
Administrator, "AAP Payload Integration Contractor Selection," 18 July 1967.

NASA Administrator James E. Webb testified on the NASA FY 1968 authoriza- a6

tion bill before the Senate Committee on Appropriations' Subcommittee on

Independent Offices. Asked by Sen. Spessard Holland (D-Fla.) to make a choice

between a substantial cut in funding for the Apollo Applications Program and the

Voyager program, Webb replied that both were vital to the U.S. space effort.

"The Apollo Application is a small investment to expend on something you

have already spent $15 billion to get and it seems to me that this is important.

"On the other hand, the United States, if it retires from the exploration of the

planetary field, in my view, . . . [will face] the most serious consequences be-

cause the Russians are going to be moving out there and our knowledge of the

forces that exist in the Solar System can affect the Earth and can be used for

many purposes to serve mankind or for military power .... " Criticized by

Sen. Holland for refusing to make a choice, Wtob said he did not want "to give

aid and comfort to anyone to cut out a program. I think it is essential that we
do them both."

U.S. Congress, Senate, Subcomminee of the Committee on Appropriations, National

Aeronautics and Space Administration Appropriations ]or Fiscal Year 1968: Hearings

on H.R. 12474, 90th Cong., 1st sess., 1967, pp. 76-77.

NASA awarded The Boeing Company a contract for long-lead-time materials 26

(such as propellant ducts and fuel tank components) for two additional Saturn

V's. This contract marked the first Saturn V procurement in support of Apollo
Applications Program.

NASA News Release 67-200, "NASA Orders 2 Saturn V's for Post-Apollo," 26 July
1967.

MSFC effected a reorganization to meet the needs of systems engineering and 2v
integration for AAP. A Systems Engineering Office was established as an integral

part of the AAP Office, with responsibility for all AAP systems engineering. In

addition, the central Research and Development Systems Engineering Office was

strengthened to provide a focal point for the concentration of systems engineering

in support of all assigned programs.

Letters, George E. Mueller, NASA Hq, to Wernher von Braun, MSFC, 30 June 1967;
Wernhcr yon Braun to George E. Mueller, 27 July 1967.
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1967 NASA extended its Science and Technology Advisory Committee for Manned

July Space Flight for two more years. Purpose of the committee was to advise the
Associate Administrator for Manned Space Flight on the scientific and technical

27 content of manned space flight programs and on methods for obtaining maximum

use of the scientific and engineering talents and knowledge r_zluired for the suc-
cess of the manned space flight program.

NASA News Release ,57-202, "Manned ScienceGroup to Serve Two More Years,"
27 July 1967.

2a At a design meeting in Huntsville, designers decided to incorporate the Orbital

Workshop's two 7,oors imo one common grated floor in the crew quarters to
save ,vei_ht. This concept caked for the crew quarters to be on one fide of the

floor and a large open area on the opposite side permitting intravehicular activity
in the hydrogen tank dome.

MSFC, Orbital Workshop Status Meeting minutes, 28 July 1967.

a.g.st NASA's Offi(',, of Manned Space Flight and Office of Advanced Research and

t Technology were engaged in a cooperative program to develop the technology of
flexible wings for spacecraft recovery. The technology was expected to have

broad applicability in the Apollo Applications Program, as well ,as follow-on

manned space flight programs. The principal technology effort would concen-

trate on parawing and sailwing configurations. LaRC would manage the par'a-

wing technology program with support from MSC. The sailwing technology

effort would be managed by MSC with LaRC providing wind tunnel support.

Memorandum of understanding, Charles W. Mathews, NASA Hq, and M. B. Ames,

Jr., NASA Hq, "OMSF/OART Cooperative Parawing/Sailwing Technology Pro-
gram,:' 28 July and 1 August 1967.

t Representatives of McDonnell Douglas and Grumman met with MSC personnel

to discu_ the feasibility of installing lunar modnle radar t"ansponders on the air-

lock module. Several problems wcrc identified, but the concept appeared feasible.

Problems involved the thermal and electrical power interface electronic package
with the AM and the electromagnetic radiation pattern of the antenna. McDon-

nell Douglas and Grumman were tt) work on the interface problem_ and MSC

was to conduct pattern tests to identify and determine magnitude of the radar
null zones.

MSC, "AAPO Weekly Activity Report," 9 August 1967.

2 NASA decided to terminate all activity a_ociated with the hardware and mftware

pr(_curentent, development, and testing for the lunar mapping and survey system.

The purpose of the system was to provide site certification capability to the most
scientifically interesting areas on the lunar surface for the AAP.
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PART If: APOLLO APPLICATIONS PROGRAM

TWX, Charles W. Mathews, NASA Hq, to Robert F. Thompson, MSC, R. O. Piland, 1967

MSC, Leland F. Belew, MSFC, and R. C. Hock, KSC, 2 August 1967.

August

NASA defined requirements and responsibilities to initiate the actions necessary 2

for the execution of the AAP-IA mission. It defined the mission purpose, mission

objectives, and Center responsibilities for implementation of the mission, as well

as the general flight plan, configuration, and supporting ground test constraints.

AAP Directive No. 6, "Flight Mission Directive For AAP-IA," 2 August 1967.

Justifying the validity of the Apollo Applications Program (AAP), George E. 10
Mueller discussed the development of AAP. In outlining some of the significant

decisions and changes, Mueller showed that the evolution of the program plan

had taken place in an orderly fashion, with the Centers participating in file plan-

ning process. He stated that the program had progressed in spite of complicating

factors such as the impact of the Apollo 204 accident and the adjustments re-

quired by congressional funding.

Memorandum, George E. Mueller, NASA Hq, to NASA Deputy Administrator Robert

@. Seamans, Jr., 10 August 1967.

The ATM required a closely controlled environment during manufacture, quality 23

checkout, and flight checkout activities. To ensure the required control of clean-

liness, temperature, and humidity, two buildings were required at MSFC--one

for the manufacturing proce._s, the other for quMity checkout. An environmentally

controlled area was also required at KSC for flight checkout of the ATM.

Memoranda, E. 1I. Cagle, MSFC, to C. L. Dykes, MSFC, "Envir.onmentally Con-

trolled Rooms for the ATM," 23 August 1967; E. H. Cagle to Dist., "Minutes of

MSFG/MSC ATM Thermal Vacuunl Meeting," 22 August 1967.

In a letter to Saturn Apollo Applications Director Charles W. Mathews, MSC's a_

AAP Assistant Manager Robert F. Thompson presented Houston's philosophy

regarding major AAP reprogramming. Two factors, Thompson said, underlay
the necessity for planning alterations: (1) the likelihood of funding cutbacks dur-

ing 1968 and 1969 and (2) a clearer picture of how much Apollo hardware AAP

might inherit, as Apollo reprogramming matured after the 204 accidt, q"homp-
son then set forth MSC's recommendatious for the next phase of AAP pl,,ming:

a manned Earth-orbit:4 mi_ion during 1969; two manned flights of 28 and 56

days using the OWS during 1970; a nmnned AAP/ATM flight during 1971;

long-duration (two months to ot,e year) manned flights during late 1971 and

1972; and manned hmar mis4ons (including surface operations) in the post-

Apollo period. In defining the AAP missions, however, Thompson stressed that

until the Apollo goal of landing on the Moon had been achieved, AAP must be
looked on ,as an "alternate to" rather than an "addition to" the nlain thrust of

Apollo. It must be clear throughout the NASA manned space flight establishment
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1967 that Apollo and AAP would not be overlapping programs and that AAP must
not compete with or detract from the main Apollo design.

Auuu6t

Letter, Robert F. Thompson to Charles W. Mathews, "Apollo Applications Program

Planning," 29 August 1967.

During The first NASA/North American management meeting was held at Downey,

the California. At the time, North American was placing major effort on the process-Month

ing of kit data packages. It was envisioned that a sufficient number of the kits

would be processed to cover all AAP requirements. From these, selected ones
would be utilized for a specific mission.

History o the Apollo Applications Program, 1966 to September I, 1968, pp. 2-12.

Sop,ember MSFC returned a McDonnell Douglas-built S-IVB Orbital Workshop mockup

to the contractor's Space Systems Center in Huntington Beach, California, for1
incorporation of a number of design changes. Foiiowing modification, the mock-

up would represent the S-IVB stage as a manned space laboratory designed for

use in the AAP. The design changes included relocation of a floor separating

two sections of the stage's liquid hydrogen tank, addition of a ceiling and otller

fixtures, and relocation of =ome of the experiment stations.

MSFC, Skylab Chronology, I January-31 December 1967, p. 71.

s During a manned space flight program review, AAP contractual actions were dis-

cussed. It was pointed out that since June there had been no contractual coverage

of the North American activity on AAP. It was also pointed out that the Grum-

man activity on AAP had never been covered by contract and was being funded

by Grumman in anticipation of contractual coverage.

Memorandum, F. Magliato, NASA Hq, to Robert C. Seamans, Jr., NASA Hq,

"Manned Space Flight Program Review," 13 September 1967.

20 Martin Marietta's Denver Division completed a 60-day study on AAP Mission

1A. The study defined hardware configuration and developed an approach for

integrating NASA-designated experiments into AAP-IA. Objectives of the ex-

periments and mission operations were to (l) perform an early evaluation of the

operational feasibility of selected Earth re_urces, bioseientific, meteorology, and
astronomy experiments; (2) verify the enhancement of experiments by the pres-

ence of man for monitoring, controlling, and interpreting data obtained on orbit;

(3) obtain operating experience with available hardware; and (4) extend experi-

ment ,and mission coverage to 50 ° latitude. The study showed how the mission

objectives could be met.

Martin Marietta Corp., Final Report, AAP Mission IA, 60.Day Stud)., 20 September

1967.
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AAP cluster experiments for S-IVB Orbital Workshop.

An interface panel organization was established within the NASA Skylab Pro- 1967
gram for defining, controlling, and resolving inter-Center problems. Among the September
panels established were mechanical, electrical, instrumentation and communica-
tion, mission requirements, launch operation, test planning, and mission evalua- 21
tion. Panels were responsible for identifying, resolving, and documenting technical

problems in coordination of more than one Center. Panels would take necessary
action regarding design, analysis, studies, and test and operations within the
scope of their charters, to ensure technical compatibility for physical, environ-
mental, functional, and procedural interfaces.

Skylab Program Directive No. 7, 21 September 1967.

North American Aviation, Inc., and Rockwell-Standard Corporation merged as li
North American Rockwell Corporation.

Telecon, R. Newkirk, HSCC, to Lyle Butt, Rockwell International, 15 October 1974.

Thomas W. Morgan, USAF, was designated Apollo Applications Program Man- l,
ager at KSC. Robert C. Hock, who had been Acting Manager since 10 January,
became Deputy Manager in addition to his duties ,xsChief, Advanced Programs
Office.

Announcement, KSC to Dist., "Morgan Named Apollo Applications Program Mana-
ger," 29 September 1967.
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1967 NASA Deputy Administrator Robert C. Seamans, Jr., resigned. He had joined
NASA in September 1960 as an Associate Administrator. In December 1965 heOctober

had been appointed Deputy Administrator of NASA by President Lyndon B.
2 Johnson. His resignation would become effective 1 January 1968.

NASA News Release 67-257, "Dr. Seammls' Resignation Announced," 2 October
1967.

a NASA Hq issued a revised AAP schedule incorporating recent budgetary cut-

backs. The schedule reflected the reduction of AAP lunar activity to four mis-
sions and of Saturn V Workshop activity to 17 Saturn IB and 7 Saturn V

launches. There would be two Workshops launched on Saturn IBs, one Saturn V

Workshop, and three ATMs. Launch of the first Workshop was scheduled for
March 1970.

NASA Hq Schedule, 3 October 1967.

2o NASA selected Bendix Corporation for negotiation of a contract for design and

development of long-duration cryogenic gas storage tanks for use in the first

56-day AAP flight. The contract was expected to require 18 months for

completion.

MSC News Release 67-64, 20 October 1967.

20 NASA requested that a joint MSFC/MSC document be prepared identifying
each potential crew safety hazard, the successful resolution of these hazard_, and

test result documentation supporting the re_lutions. The effort would include
the crew safety/heahh hazards associated with flammability, micrometeoroid

penetration, outgassing, and passivation, and would consider propellant, insula-

tion liner, crew quarters thermal curtain, and other nonmetallic material impli-

cations. Since crew safety was fundamental to the design of the OWS, the

document would be required prior to the OWS preliminary design review.

Letter, Charles W. Mathews, NASA Hq, to Leland F. Belew, MSFC, and Robert F.
Thompson, MSC, "Orbital Workshop---Crew Safety Aspects Request for Joint Ac-
tions," 20 October 1967.

23 Minuteman strap-ons for the Saturn IB were canceled as part of the AAP. The

studies for AAP on the feasibility of the Minuteman strap-ons were terminated.

TWX, Charles W. Mathews, NASA Hq, to Leland F. Belew, MSFC, Thomas W.
Morgan, KSC, and Robert F. Thompson, MSC, "Minuteman Strap-ons For the
Saturn IB," 23 October 1967.

26 An active cooling system (fluid circulation) was incorporated into the ATM

thermal system to meet temperature control requirements.

Memorandum for record, R. he, MSFC, 3 November 1967.
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PART II: APOLLO APPLICATIONS PROGRAM

At KSC, Apollo Applications Program Manager Thomas W. Morgan requested !967

that key personnel in each KSC Directorate participate in design reviews to ensure October
operational suitability of AAP hardware in the KSC environment, to plan for

prelaunch testing of AAP-pcculiar hardware and experiments, and to provide 31
general KSC support to AAP.

Memorandttm, Thomas W. Morgan to Dist., 31 October 1967.

A NASA Resident Management Office was established as an extension of both November

MSFC and MSC at Martin Marietta, Denver Division, to serve as a central 15

point of contact to both Martin Marietta and the Air Force Plant Representative

on matters involving the Apollo Applications Program, with immediate emphasis
on payload integrations. In addition, it would serve ,as a focal point for visitor
coordination exchange of information and matters of mutual interest to NASA
and Martin Marietta.

Letters, Wernher yon Braun, MSFC, and Robert R. Gilruth, MSC, to J. D. Rauth,

Martin Marietta, 15 November 1967; H. H. Gorman, MSFC, and W. L. Hjornevik,

MSC, to F. F. Swan, USAF, 13 November 1967.

Representatives from MSC, MSFC, and Grumman met at Huntsville to discuss is

the LM/ATM testing to be performed at KSC. Purpose of the meeting was to

resolve any differences in the testing procedures for the LM/ATM prior to

presenting the requirements to KSC.

Letter, Leland F. Belew, MSFC, to Thomas W. Morgan, KSC, "Preliminary test re-
quirements LM/ATM," 17 November 1967.

During meetin_ held in Washington and Huntsville, an alternative configura- 1_.1_

tional approach (basis for dry Workshop) for meeting AAP objectives was pro-

posed by MSC as one method of overcoming certain problems that had been
identified during the past several months. Following the discussions, it was

decided to proceed as programtned. (See 21 May 1968 entry.)

Memorandum for record, John tI. Disher, NASA Hq, "Pros and Cons of an Alternate

Configurational Approach to Meeting AAP Objectives," 27 November 1967, and
"AAP Program Discussion at MSFC on November 19, 1967," 27 November 1967;
letters, G. S. Trimble, MSC, for Robert R. Gilruth, MSC, to George E. Mueller,
NASA Hq, 14 December 1967.

NASA's AAP Director Charles W. Mathews stated: "The activities involved in 2r-29

the AAP represent major steps in the utilization of our space capability. The
results of this program can serve to establish the direction of future space ex-

ploration and applications. In particular, increased knowledge on the effective

integration of men into the total system should accomplish mttch in determining

the character, system configurations and operational approach in future pro-

grams. The ability to capitalize on the large investments already made in the

Apollo program affords the opportunity to carr)on this work in Apollo appli-
cations in an efficient and economical ntanner."
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1967 Charles W. Mathews, "Apollo AiJplications--A Progress Report" paper presented
at the Astronautics International Symposium sponsored by the American Astronautical

November Society, New York, 27-29 November 1967.

30 The NASA Directors of the Apollo and Apollo Applications Programs Samuel C.

Phillips and Charles W. Mathews, in a letter to their MSC counterparts, George
M. Low and Robert F. Thompson, said: "Within the scope of the AAP program,
it is desirable that an in-depth evaluation of a recovered CM be made as early as
possible to fully determine the technical feasibility and economy of refurbishment
and reuse of recovered Apollo Command Modules .... "

They added that as a prerequisite to test and evaluation for refurbishment po-
tential, salt water corrosive effects must be minimized on recovered spacecraft.
This would involve some postflight operations to be performed aboard the re-

cover,/ship: dropping the aft heat shield, flushing the pressure shell, and drying
and packaging for subsequent test and evaluation.

Low and Thompson were requested to coordinate and jointly establish postflight
handling and test requirements for spacecraft 920 in a manner ensuring no impact
on the Apollo 6 schedule or the postflight evaluation of the recovered spacecraft.

Letter, Samuel C. Phillips and Charles W. Mathews to George M. Low and Robert F.
Thompson, "Post Flight Operations and Tests of S/C 020 for Refurbishment Evalua-
tion," 30 November 1967.

December NASA presented the ATM program to the Astronomy Missions Board at Cam-

1 bridge, Massachusetts. Considerable interest was shown by the Board regarding
crew participation in the ATM mission. The Board recommended an early
crew assignment for ATM, so that adequate training in solar physics could be
provided, and also recommended that scientist astronauts be assigned as members
of the ATM flight crew.

NASA, "Manned Space Flight Weekly Report," 11 December 1967.

4 Robert F. Thompson, Assistant Manager of MSC's Apollo Applications Program
Office since its e._tablishmentin July 1966, was appointed Manager of that office.
The position had been vacant since April 1967 when MSC Deputy Director
George M. Low, who had been Acting Manager, l-came Manager of the Apollo
Spacecraft Program Office.

MSC Announcement 67-173, "Manager, Apollo Applications Program Ol_ce," 4
December 1967.

7-s Representatives of MSFC, MSC, Grumman, Martin Marietta, North American,
and McDonnell Dougl,xs met at MSC to explore flight vibration levels for appli-
cation to hardware mounted internal to the spacecraft lunar module adapter
(SLA) on an S-IB. All agencies were in agreement that acoustic vibration testing
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was the most appropriate for design verification of hardware mounted within 1967
the SLA in the moderate- to high-frequency region. It was also agreed that the December

MSC Acoustic Facility was the most desirable for this testing.

NASA, "Apollo Applications Weekly Status Report," 22 December 1967.

Representatives of NASA and the aerospace industry participated in a four-day 11-14

meeting on the Orbital Workshop design requirements at MSFC. During the first

day, discussions covered structures, mechanical systems, and propulsion. On the
second day, instrumentation and communications documentation was reviewed.

The third day focused on crew station reviews. On the final day, results were
summarized.

NASA, "Manned Space Flight Weekly Report," 18 December 1967.

Apollo Applications Program Director Charles W. Mathews directed the AAP 2r

Managers at the three manned space Centers to halt all activity pertaining to the

AAP-IA missions. The purpose of the AAP-1A mission would be to perform
experiments in space sciences and advanced applications in a low-altitude Earth

orbit for up to 14 days.

TWX, Charles W. Mathews to Leland F. Belew, MSFC, Robert F. Thompson, MSC,

and Thomas W. Morgan, KSC, "Mission 1A Termination," 27 December 1967.

A lunar exploration prograr:, had been developed which would cover the period 1968

from the first lunar landing to the mid-1970s. The program would be divided
into four phases: a..u._

$

(1) An Apollo phase employing Apollo hardware.

(2) A lunar exploration phase untilizing an extended LM with increased

landed payload weight and staythne capability.

(3) A lunar orbital survey and exploration phase using the AAP-IA carrier

or the LM/ATM to mount remote sensors and photographic equipment on a
manned polar orbit mission.

(4) A lunar surface rendezvous and exploration phase which would use a

modified LM in an unmanned landing to provide increased scientific payload
and expendables necessary to extend an accompanying manned LM mission to
two weeks duration.

Bellcomm, Inc., Technical Memo, "Lunar Exploration," ,_ Jarmary 1968.

NASA Administrator James E. Webb recommended a cautious, step-by-step, a

wait-and-see approach to selection of it contractor for adapting the Apollo CSM
to AAP requirements.

Memorandum, James E. Webb to Associate Administrator for Manned Space Flighh

"Adapting the Apollo CSM for AAP," 8 January 1968.
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1968 NASA budgetary restraints required an additional cut in AAP launches. The

reduced program c',dled for three Saturn IB and three Saturn V launches, in-January

cluding one Workshop launched on a 3aturn IB, one Saturn V 'Nor' "op, and

9 one ATM. Two lunar missions were planned. Launch of the first Workshop
would be in April 1970.

NASA Hq SchcAule, 9 January 1968.

9 MSFC awarded Perkin-Elmer Corporation a contract to develop the telescopes
for the ATM.

Contract NAS 8-22623, 8 January 1968.

12 NASA Hq authorized MSC to extend through 15 May 1968 the existing contract

with Grumman. Purpose of the contract was a study leading to a r,reliminary
design review of LM modifications for AAP.

TWX, George E. Muelier, NASA Hq, to Robert R. Gilruth, MSC, "Extension of

Present AAP LM Modification Contract," 12 January 1968.

16 NASA awarded a letter contract to Martin Marietta for the payload integration
effort on AAP. (See 26 July 1967 entry.)

Letter, contract NAS 8-24000, 16 Janaary 1968.

_ A diret,tive to specifically identify responsibilities for planning, conducting, and

reporting on audits of reliability, quality, and system safety program activities

at all AAP organizational levels was issued by NASA. i

AAP Directive No. 9, "Reliability, Quality, and Syst,'m Safety Auditing," 22 January
1968.

23 As originally conceived, the AM consisted of a simple tunnel and truxs structure

that provided access to the S-IVB OWS from the CSM. The AM subsystems

provided distribution of power from the CSM to the OWS, a temperature regu-
lated, clean atmosphere for the Workshop, and limited instrumentation.

After a year of program evolution, the AM, although similar in appearance mad

utilizing more than 60 percent of the effort expended on the original AM, had

become physically different, with a considerably more complex role to play. Th,"

AM had become the hub and centi.,1 "engine room" of the cluster by incorporat-

ing the electric power conditioning, storage, and distribtt:ion system. It was

designed to receive and store power from the solar arrays, the CSM, and LM
and to make distribution of Fower to the OWS, AM, MDA, CSM, and, in

emergencies, the LM. The AM was designed to pr.vide the central environmental

control system for distributing a dehumidified, clean._d, .dor fret, temperature
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The airlock tunnel assembly was
_ fabfi_.t_.d at the McDonnell .:_

Douglas facility in St. Louis. _
: This photo shows the hatch
,: still being tackwelded. _

:&

_._ conditioned, oxygen/nitr0gen atmosphere to the OWS, AM, MDA, CSM, and 1968
LM and to provide coolant loops for its equipment and that in the MDA. In Janualry
additic it contained the central command and instrumentation center for the "

OWS, as well as an overall caution and warning system. The AM was being

developed by McDonnell Douglas, St. Louis.

Memorandum for record, T. E. Hanes, "Comparison of the originally contracted Air-
lock with the scope of present Airlock contract requirements," 23 January 1968.

A study of the LM/ATM was initiated to conduct a critical and constructive 2s

review of all aspects of the LM/ATM mission to include cost, scheduling, and

complexity. The three-man study team consisted of George E. Mueller (NASA

Hq), Ludie G. Richards (MSFC), and George S. Trimble (MSC).

Letter, George S. Trimble to George g. Mueller, 25 January 1968; memoranda,

Robert F. Thompson to Dist., "LM/ATM Study," 23 January 1968, and "Ad Hoe
Studies of Alternate Apollo Applications Program Plans," 17 January 1968.

A Bellcomm review which summarized the system configuration aspects of operat- ar

lag the LM/ATM independently of the OWS was presented at the AAP review :.

NASA Hq. The review concluded that decoupling was feasible within the frame-
work of the mission objectives.

Memorandum for file, R. K. McFarland, Bellcomm, "Coupled vs. Decouphd LM/

ATM Mission Concepts: System Configuration Aspects," 14 February 1968.

Nomenclature for the OWS included in the AAP presented in the FY 1969 2¢

budget was confirmed by NASA. The ground-outfitted OWS to be launched
with Saturn V would be designated the "Saturn V Workshop." (This had some-

times been called the "dry Workshop.") The OWS that would be launched

by a Saturn IB would be referred to as the "Saturn I Workshop." (Colloquially it

had been referred to as the "wet workshop.") Terminology "Uprated Saturn I"

i would not be used officially. This launch vehicle would be referred to as the
"Saturn IB."
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1968 Memorandum, W. H. Shapley, NASA Hq, to Heads of Program and Staff" Offices,
"Nomenclature for AAP Orbital Workshops," 29 January 1968.

January

29 An S-tVB residual-propellant dump test was conducted in orbit during the Apollo
5 mission. Test resultswere applicable to the AAP OWS passivation requirements.
The testwas performed on the S-IVB after separation of the lunar module. First
the liquid oxygen was dumped, then the liquid hydrogen. This was followed by
the release of helium in the stage pneumatic system. Preliminary indications were
that propellant settling was satisfactory.

NASA, "AAP Weekly Progress and Problem Summary," 29 January 1968.

st An MDA prdirninary design review was held at MSFC on 16-17 January and
resulted in action to integrate the resupply and reuse requirements for AAP-3A
and AAP-3/4 experiments. On 26 January an AAP (Mission 2) MDA preliminary
design review, Phase II, Technical Review Board convened at MSFC. As a result
of discussionsof this Board meeting, a joint MSFC MSC study group was proposed
to define AAP cluster attitude control pointing capabilities. The study group
would define the capabilities of the presently baselined S-IVB attitude control
system, the Apollo service module reaction control system, and the Apollo tele-
scope mount control moment gyro system to determine if incompatibilities existed
with the operations requirements and the proposed experiments and sensors.

NASA, OMSF History of th,. Apollo Applications Program, 1966-I September 1968;

NASA, "AAP Weekly Progress and Problem Summary," 29 January 1968; memo-

randa, Robert F. Thompson, MSC, to Dist., "Multiple Docking Adapter Preliminary
Design Review," 4 January 1968; Robert F. Thompson to Dist., "Joint MSFC-MSC
AAP Cluster Attitude Control Capabilities Study Group," 31 January 1968.

r,u,_,ry Saturn V OWS study teams were examining a range of concepts in two distinct

s categories, OWS-B and OWS-C. OWS-B would be a relatively simple, generic
evolution from the Saturn I OWS being developed for the first AAP missions. It
would retain the basic elements of the Saturn I OWS but would incorporate the

i
ATM solar astronomy payload as an integral part of the OWS. Other modifica-
tions to improve overall effectiveness would be incorporated where this could
be achieved with small increments of funds or time. OWS-C would be a more

advanced concept in the evolution toward a flexible operational system for
sustained operations in Earth orbit. It would provide living and working quarters
for a crew of nine and would be operable for two or more years.

Memorandum, Charles W. Mathews, NASA Hq, to F. L. Thompson, LaRC, "Saturn

V Workshop Studies," 5 February 1968.

12 Objectives of the AAP-3/AAP--4 mission were to

• Obtain scientific data on the physical characteristics of the Sun through
observations of various portions of the electromagnetic spectrum made with ATM

experiments.
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• Obtain engineering data from the operation of the ATM attached to a 1968
LM ascent stage to support development of an advanced manned orbital ob- February
servatory.

• Demonstrate hard dock of the LM/ATM to the MDA of the Saturn I

OWS left in orbit from the AAP-1/AAP-2 mission.

• Determine feasibility of reactivating and operating a Saturn I OWS as

a habitable space structure for a period of up to 56 days from the AAP-3 launch

date through evaluation of the CSM/S-IVB/AM/MDA.

AAP Directive No. 5A, "Flight Mission Directive for AAP-3/AAP-4," 12 February
1968.

A management review of the pointing system for the ATM was held with Perkin- 26

Elmer Corporation. Conceptual design was completed and approved by MSFC.

" In addition, the preliminary requirements review for the H-Alpha telescope and

pointing system was satisfactorily completed by MSC.

NASA, "Manned Space Flight Weekly Report," 26 February 1968.

Astronauts and spacecraft designers used this engineering mockup of the Saturn I
Workshop during a five-day crew station review at MSFC. The space-suited
technician is shown operating a control panel while being heid in place by
"Dutch Shoes" attached to the mesh floor.
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1968 Harold T. Luskin, Chief Advanced Design Engineer at Lockheed-Caiifornia

February Company, and former American Institute of Aeronautics and Astronautics Presi-
dent, was named NASA Deputy Associate Administrator for Manned Space

26 Flight (Technical) effective 18 March.

NASA News Release 68-39, "Luskin Appointed at NASA," 26 February 1968.

26 To ensure that at appropriate and progressive points in the AAP life cycle suffi-
cient management visibility was obtained of the status of design, manufacturing,
and testing to determine the integrity of the system before a mission, seven key
checkpoints were established:

(1) PRR--preliminary requirements review.
(9) PDR--preliminary design review.
(5) CDR--crifical design review.
(4) CI--configuration inspection.

(5) COFW--certification of fight worthiness.
(6) DCR--design certification review.
(7) FRR--flight readiness review.

AAP Directive No. 11, "Sequence and Flow of Hardware Development and Key
Inspection, Review and Certification Checkpoints," 26 February 1968.

29 AAP was first presented as a separate Research and Development program in
NASA's FY 1968 budget request, which was submitted to Congress in January
1967. As originally conceived, AAP was designed to take full advantage of the
Nation's investment in Apollo-developed hardware, facilities, and manpower.
However, in making adjustments to considerably lower funding, the program was
pared down to the mininmm level for maintaining a reasonable manned space
flight program in the early part of the next decade and preserving any basic
capability for future U.S. manned operations in space.

Memorandum, J. Pemble Field, Jr., to Dist., "History of AAP, Prepared for Con-

gressman Teague," 29 February 1968.

29 LaRC Director Floyd L. Thomtx_on was appointed Special Assistant to NASA
Administrator James E. Webb and Chairman of a Post-Apollo Advisory Com-
mittee to evaluate future manned space flight projects. These assignments were
in addition to his duties ,asLaRC Director. Since these additional responsibilities
would require Thompson to spend a portion of his time away from Langley,
LaRC Deputy Director Charles J. Donlan would serve as Acting Director.

NASA News Release 68-41, 29 February 1968; letter, James E. Webb to Floyd L.
Thompson, 15 February 1968.

29 An evaluation and selection committee was formed to review the suitability of
candidate chambers for ATM thermal vacuum testing. The committee, cor0posed
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Manned Spacecraft Center Airlock Module Trainer.

of members from the OMSF Apollo Applications Program Office, MSFC, MSC, 1968
Goddard Space Flight Center, and the Jet Propulsion Laboratory, would evaluate February
chambers located at MSC, Arnold Engineering Development Center, The Boeing
Company, and General Electric Company, in terms of availability, schedules,
capability, modification requirements, contamination control, cost, and logistics,

NASA, "Manned Space Flight Weekly Report," 4 March 1968.

Funds were released to MSC for support of the Environmental Science Services M._h
Administration for the design and fabrication of a preprototype model of the in- 4
frared temperature profile radiometer. Recent ESSA reviews indicated that the

fabrication of a preprototype instrument at this stage of AAP would be a major
advance in the ESSA goal of operational temperature mundings of the atmosphere
in the mid 1970s.

Letter, L. Jail'e, NASA Hq, to Robert R. Gilruth, MSC, "Release of Fiscal Year 1968
Program Authority," 4 March 1968.

Fairchild-Hiller Corporation presented a mockup demonstration and technical e
discussion of proposed OWS mlar arrays at thdr Germantown, Pennsylvania,
plant. MSFC was planning to develop the OWS solar arrays and favored the

Fairchild-Hiller design approach, but experience and the details of their patented
design would require the establishment of a working arrangement.

NASA, "Manned Space Flight Weekly Report," 18 March 1968.
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1968 The ATM Principal Investigators presented the status of their experiments at

Ball Brothers Research Corporation in Boulder, Colorado. They reported goodMarch

progres_ in the development of their instruments and presented material to sup-
9 port their assessment that delivery would be on schedule. They also stressed the

importance of flying a mission as early as possible during a period of high solar
activity.

NASA, "Manned Space Flight Weekly Report," 18 March 1968.

t l The first design verification thermal test of the cryogenic gas storage system for
AAP was completed at Bendix Corporation. Following the tests, the unit was

shipped to MSC for additional thermal vacuum testing to determine actual

hydrogen and oxygen performance.

NASA, "Manned Space Flight Weekly Report," 11 March 1968.

12 NASA established a Test Definition and Planning Group to assist the respective

AAP Managers in the identification and resolution of problems concerned with

inter-Center ground testing of space vehicles and associated ground support equip-

ment. The group would perform a technical definition function for ground test

activities. Primary emphasis would be on planning ,xssociated with coordination

of integrated systems test activities where inter-Center functional responsibilities

were involved. The group would work with the AAP panels, as required, to
develop recommendations for test activity integration.

AAP Directive No. 8, "Establishment of the Apollo Applications Test Definition and

Planning Group," 12 Marcia 1968.

is MSC and MSFC were responsible, as development Centers, for design, develop-
ment, fabrication, qualification, acceptance test, and delivery of AAP spacecraft

and experiment carriers, assigned experiments, and associated ground support

equipment.

KSC was responsible for the development and operation of launch and industrial

facilities and associated ground support equipment required to support ._ AP, and

the _sembly, test, inspection, checkout, and launch of AAP space vehicles at
KSC.

AAP Directive No. 12, "Prelauneh Checkout and Launch of Center Developed (In-
House) Flight Hardware for the Apollo Applicatitms Program," 15 March 1960.

is No central archives were planned for the experiment data from AAP. The ex-

periment records would be kept lay the Centers having responsibility for the
experiments. However, MSC would establish mad maintain a Central Index for

AAP experimental data.
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PART II: APOLLO APPLICATIONS PROGRAM

Letter, Charles W. Mathews, NASA Hq, to Robert F. Thompson, MSC, Leland F. 1968
Belew, MSFC, and Thomas W. Morgan, KSC, "Data Flow Plan for AAP Missions

1-4," 15 March 1968. March

A task team was established to review the requirements and establish a new base- l a

line for the LM and the ATM with the objective of reducing costs and opera-

tional complexity. The team was composed of senior members from the OMSF,

MSC, MSFC, The Martin Company, and Grumman.

Note, George E. Mueller, NASA Hq, to Charles W. Mathews. NASA Hq, 18 March
1968.

During the OWS preliminary design review, it was suggested that the AAP 19 TI

vehicles contain a library of material of an operational, technical, and recreational
!

nature for use by the fight crews. Loewy and Snaith, Inc., had made a similar
suggestion. A survey of AAP crew members was being conducted to determine ::

the type and quantity of such materials the crews might desire so that design i

engineers could arrive at a preliminary systems approach to an inflight library "i

and evaluate the impact.

Letter, Robert F. Thompson, MSC, to Donald K. Slayton, MSG, "In-flight library
for AAP missions," 19 March 1968.

A preliminary design review board met at MSFC to discuss OWS major test 19-20
items. These included plans for a dynamics test program to determine the dy-

namics of the cluster and the requirements for flammability, toxicity, and crew

hazards analyses and tests. Individual subsystem flammability tests were planned.

MSC specifications for crew compartment nonmetallic material selection and

testing would be used.

NASA, "Manned Space Flight Weekly Report," 25 March 1968.

MSC adopted the position that only mixed gas atmospheres should be considered 2a
for missions longer than 30 days in duration. Conceding that studies of the

physiologic effects of mixed gas atmospheres, other than air, were new in number
and controversial in nature, MSC suggested that such evidence as did exist in-

dicated that nitrogen was a superior choice as a second atmospheric constituent

from an overall medical standpoint.

Letter, Robert R. Gilruth, MSC, to J. s. Bleymaier, USAF, 28 March 1968.

Following discussions at the Manned Space Flight Management Council meet- Aoal

ing at KSC on 21-24 March, Associate Administrator for Manned Space Flight 3-15

George E. Mueller and MSC Director Robert R. Gilruth conclud.d that, with _,

the stringent funding restraints facing the AAP, the most practical near-term

program was a Saturn IB OWS designed to simplify operational modes and
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SKYLAB: A CHRONOLOGY

1968 techniques in Earth orbit. It was agreed that a special task force would be set

April up to define and implement any changes necessary to the MDA, incorporate
new expcrinaents into the program, and plan and program the critical series of
medical experiments required for AAP in order to collect vital data regarding

crew performance during the early phases of AAP long-duration flights.

The MDA task force held an initial meeting at MSC on 10-11 April. Require-

ments for the critical medical experiments were identified, and potential Earth

Applications experiments were reviewed. MSFC was requested to make a p:'e-

liminary design analysis of the impact of incorporating critical medical experiments

and to determine which Earth applications experiments could be accommodated.

Letters, George E. Mueller to Robert R. Gilruth, 3 April 1968; Robert R. Gilruth to
George E. Mueller, 15 April 1968; Charles W. Mathews, NASA Hq, to Leland F.
Belew, MSFC, Robert F. Thompson, MSG, and Thomas W. Morgan, KSC, 2 April
1968 and 4 April 1968; "Manned Space Flight Weekly Reports," 8 April 1968 and
15 April 1968.

4 NASA announced the selection of Genera_ Electric Company's Apollo Systems

Division to negotiate a one-year, cost-plus-fixed-fee contract to provide engineer-

ing support for AAP. Responsible to the AAP Office in NASA Hq, General

Electric would perform such engineering support in the areas of reliability and
quality control, configuration management, testing, and checkout. (General

Electric was already fulfilling the same task in support of Apollo.)

NASA News Release 68-61, 4 April 1968.

16 In a speech before the National Space Club in Washington, AAP Director Charles

W. Mathews stated that, beyond the goal of landing on the Moon, NASA's

overall plan for manned space exploration comprised "a balanced activity of lunar

exploration and extension of man's capabilities in Earth orbit." The AAP,
Mathews declared, contained sufficient flexibility so that it could be conducted

in harmony with available resources: "We are also prepared to move forward

at an increased pace when it is desirable and possible to do so." He said con-

tingency planning left room for both budgetary and mission goal changes, thus
answering congressional criticism that NASA had not provided sufficient flexi-

...... bility regarding long-term goals.

Baltimore Sun, 18 April 1968, p. A-I 1.

19 The OWS passivation sequence was described at a flight operations phm meeting
held at MSC. Solar arrays would be deployed on the first stateside pa_s, since the

liquid portion of the pa_cdvation would have been completed. G,'tceous passivation
was expected to require approximately 24 hours. The meteoroid bumper would

not be deployed until crew arriva! becau_ it would interfere thermally with the
passivation.

NASA, "AAP Weekly i'r"gress and Problem Summary," 26 April 1968. i
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One of 18 conceptual designs for the Earth.orbital spa(ecratt lunar module adapter
laboratory prepared by spacecraft design experts of the MSC Advanced Space-
craft Technology Division This coniiguration was developed to illustrate the
extent to which the building block philosophy could be carried It would utilize

both Gemini and Apollo spacecraft and would require 2 unmanned launches
and 10 manned logistic latmches. The report was published 25 April 1968.

NASA Hq requested MSFC, LaRC, and MSC to perform independent studies 1968

to identify the most desirable agency program for the Saturn V Workshop and Apdl
to provide a project plan.

as

Letters, Charles W. Mathews, NASA Hq, to Rohert R. Gilruth, MSC, Wernher yon
Braun, MSFC, and C. J. Donlan, LaRC, 25 April 1968.

A briefing w,xs held at Andrews Air Force Base, Maryland, on a recovery support _6
study conducted hy the Department of Defense Manager for Manned Space

Flight Operations. NASA requirements provided for the study were based on
two concepts of support. The "current concept" implied support requirements

similar to those required for the Gemini program. The other was the "future
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1968 concept" which would be employed when sufficient reliability of spacecraft sys-
tems had been demonstrated. The 'future concept" would employ two recoveryApril
zones (primary and secondary) as opposed to the four zones designated in the

"current concept." Defense forces allocated to meet NASA requirements would

be significantly reduced under the "future concept."

NASA, "AAP Weekly Progress and Problem Summary,'" 26 April 1968.

a0 A primary objective of the Apollo Applications reliability program would be to

identify all significant single failure point potentials of equipment for various

modes of operation. Single failure point potentials would be examined for each

mission, and a summary of single failure points would be prepared and kept

current. Supporting information from the Apollo program would be used to the
maximum extent possible.

AAP Directive No. 13, "AAP Failure Mode and Effect Analysis; Single Failure Point
Identification and Control," 30 April 1968..

_a.f An AAP holding plan was implemented for the remainder of Fiscal Year 1968.
The plan was activated in order to maintain a reasonable balance in programa
content while avoiding major cuts to work in progress. This action became

necessary because of funding restraints imposed on AAP.

Letters, Charles W. Mathews, NASA Hq, to Leland F. Belew, MSFC, Thomas W.

Morgan, KSC, and Robert F. Thompson, MSC, 3 May 1968.

lo A major goal of the AAP--to accelerate the evolution of the utility of slSace

flights--required certain steps to a,:hieve more effective and economical manned

space operations, while enhancing the value of information obtained during

orbital flights. Some of the more important steps required would be obtaining

data on the physiological qualification of man for extended duration in space;

providing adequate support systetns which would allow man to maintain a high
degree of effectiveness; and determining efficient man-nmchine relationships.

Speech, Charles W. Mathews, NASA Hq, to Society of Automotive Engineers, Inc.,
Space Technology Conference, "Apollo Applications---The Next Step in Man's In-

vestigation of Space," 8 l0 May 1968.

20 Designers at MSFC increased the capability of the MDA to provide for crew

habitation and to perform certain biomedical experiments in the event the OWS
could not bc made habitable after reaching orbit.

MSFG, "AAPO Weekly Activity Report," 22 May 1968.

aa NASA Hq described the purposes of the AAP 3A mission: (t) qualify man,

evaluate his support requirements, and determine human t_k performance

capabilities on long-duration manned space flight missions; (2) demonstrate the
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PART I11 APOI.I.O APPI.ICATIONS PROGRAM

feasibility of relt,'ticating a Saturn I OSVS that has been left unattended in Earth 1968

orbit for scvcrzd months and reu4ug a Saturn I ()WS as a base of operationa May
for the conduct of experiments in astronomy, science, applications, technology,
engineering, and medicine.

AAP Directive Nt_. 1.1-, "Flight Mission Directive for AAP_ 3A," 22 May 1968.

NASA Hq issued management procedures to be followed for AAP experiments. 2a

The procedures were divided into two phases: planning and implementation.

In the planning phase, paperwork reflecting the plans of the development, inte-

gration, mission operation:_, and launch operations centet_ for an experiment

would be submitted to the AAPO for compatibility a._egsmcnt and implementa-

tion planning. The implementation phase would encompx_,s MI the activity

involved in the acquisition of experiment hardware, preparation of hardware for
flight use, perh)rmance of Gight opcrati.ns, and disposition of experiment data.

AAP Directive No. 15, "Management Prtwedures for the Planning and hnplementa-

tion of AAP Experiments," 23 May 1968.

A I.M/:VI'M Evaluation Board, established to make an in-depth review of the as

planned LM/ATM module configuration and mi_4on, i_ued its final report.

The Board review concentrated on the .perati(mal and programmatic aspects
related to use of i.hc LM with the ATM. At a meeting held on 9 March, the

ATM experiment status was thc subject of discu_4tm. Principal Investigators

and the MSF(: ATM Prugram Otlicc representatives mmmmrizcd pro_css on

each experiment and on the total ATM package.

At meetings hehl on 15 16 March, prcscntatituls were m;tdc by MSC and

MSFC, MSC stressed the operational complexities of the dual-rendezvous, dual-

docking capabilit.v of the LM, extravehicular activity, crew training, and mission

critical sequencing. MSFC stressed the desirability of the cluster mid,ion and,

wifile recognizing the problems uf dual rendezvous, suggested that the system and

mission as ctmfigttred was the best tx_ssiblc choice,

Final Report, LM/A'FM Evaluation B.ard, 95 May 1968.

Center Directurs Robert R, Gilruth (MSC) and Kurt H. Debus (KSC) approved 2;t

a joint memorandum of understanding tm MSC KSC relations that laid down

guidelines and procedures for executiovt of Center responsibilities within areas of

mutual interest. The dtwument thus sought to ensure an effective progr,-tmmatic

interface between the two Centers and ;dso provided for subsequent agreement,

spelling out in detail specific inter-Center tx4icies and procedures.

MSU, M 8010, "Program Manageuwnt Guide," 27 May 1968,

A review of the AM test program was hekt at MSC to exantine the existing =*

baseline AM testing plan in terms of p,,_gramwkle AAP test requirements and
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1968 guidelines. Participants included representatives from Headqua.'ters, MSFC,

M,y MSC, and the AM contractor, McDonnell Douglas. Spokesmen for McDonnell
Douglas recommended additional subsystem development testing, as well as

thermal-vacuum testing of airlock flight hardware (a recommendation being
evaluated by experts at both MSFC and MSC).

NASA, "Manned Space Flight Weekly Report," 3 June 1968.

su,. NASA released a new AAP launch readiness and delivery schedule. The schedule

decreased the number of Saturn flights to 11 Saturn IB flights and one Saturn V4
flight. It called for three Workshops. One of the Workshops would be launched

by a Saturn IB, and another would serve as a backup. The third Workshop
would be launched by a Saturn V. The schedule also included one ATM.

Launch of the first Workshop would be in November 1970. Lunar missions

were no longer planned in the AAP.

NASA Hq Schedule, 14 January 1968.

8 NASA launched two Aerobee 150 sounding rocket._ from White Sands Missile

Range, New Mexico. The first rocket carried a Naval Research Laboratory and

University of Maryland payload to a 179-km altitude to flight test a deign

verification unit of the high-resolution spectroheliograph planned for use on the
ATM. The second rocket carried an American Science and Engineering, Inc.,

payload to a 150-km altitude to obtain high-resolution x-ray pictures of active
regions of the Sun during solar flare and general x-ray emission of solar corona.

The rocket and instrumentation performed satisfactorily, but the payload of the

first rocket failed to separate, thus preventing functioning of the parachute

recovery system.

NASA, "P.eports on Sounding Rocket Launehings"; "Manned Space Flight Weekly ,J
Report," 10 June 1968.

=4 An MDA task force, established in March to examine the ability of the MDA to

support the operation of critical medical experiments within 24 hours of ren-

dezvous and docking and to examine the feasibility of conducting selected Earth

resources and meteorological experiments, made recommendations which resulted

in baseline configuration changes to the MDA.

Docking ports 2 and 3 of the MDA would be deleted; four windows in the conical
secdon of the MDA would be deleted; and a viewport would be provided to

support unmanned rendezvous and docking.

Letter, H. T. Luskin, NASA Hq, to Leland F, Belew, MSFC, Thomas W. Morgan,
KSC, and Robert F, Thompson, MSC, "Status of MDA Task Force Activities," 24

June 1968.

i

=4 The 2.4-m-diameter tank tests at McDonnell Douglas were nearing completion.

The test tank which consisted o| a waffle-pattern wall structure, internal insula-
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PART q: APOLLO APPLICATIONS PROGRAM

tion, and aluminum foil liner, successful]y passed static firings and launch se- 1968
quences to evaluate the ability of the materials and stntcture to withstand the June

therntal loads under operational conditions. The tank would I)e shipped to

MSFC in July for outg_Lssing tests.

NASA, "Manned Space Flight Weekly Report," 24 June 1968.

An experiment review was held at MSC in January to determine what progress 2x-2s
had been made in the development of experiment hardware for the AAP. Some

key problems identified at the review were the following:

• There was no orgar, ized development on AAP medical and habitability

experiments.

° There was no existing program authority at MSC to initiate development

of medical and engineering experiments.

• Work statements had not been prepared for the experiment groups; many

of the experiments were not yet defined. On 27-28 June another experiments
review was held at MS(:. Overall results of the review indicated very slow

progre,_s on all experiment activity at MSC. The status w,xs critical from the

standpoint of overall motivation.

OMSF, History o[ the Apollo Applicatiom Program, 1966 to I September 1968, pp.
2-21--2-24.

NASA Hq authorized a letter antendment to the AM contract with McDonnell _uly
Douglas from 30 June through 31 December 1968. During this six-month 5
extension, MSC was to negotiate a definitized contract incorporating recent

program guidelines and covering the total airlock effort beginning in August 1966.

TWX, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSC, "Airlock Letter
Amendment to Contract NAS 9 _6555," 5 July 1968.

Apollo Applications Program Managers met at Goddard Space Flight Center. I
Among the items discussed were coordination and distribution of AAP directives,

delineation of management responsibilities, medical experiment ._apport, and the

waste management system for the OWS.

Memorandum for record, John H. Dither, NASA Hq, "SummaD" of Diseussion_ with
AAP Program Managers at GSFC," 8 July 1968.

Martin Marietta, Denver Division, completed an Earth resources experiment t2

compatibility analysis and an experiment conceptual analysis. The analyses were

conducted in compliance with an MSC AAP payload integration task during the

period 16 January-30 June 1968. Results of the study indicated that a selected

group of Earth re_urces experiments could be integrated into the AAP-I/AAP-2

Orbital Workshop with only minimum design impact.

Martin Marietta Corp., AAP Pa).load Integration Final R#port, 12 July 1968.
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SKYLAB" A CHRONOLOGY

968 The Post Apollo Advisory Committee, authorized by the NASA Administrator to

evaluate and make recommendations on post-ApoUo space activities, issued itsJuly

report which confirmed the bas!c objectives of the AAP and played a deciding
20 role in its later evolution. The Committee, headed by LaRC Director Floyd

Thompson, held meetings at MSFC, MSC, NASA Hq, and KSC oil 25 January,

15 February, 12 March, and 25-26 March 1968, respectively.

Post Apollo Advisory Committee Report, 20 J_tly 1968; memorandum, Robert F.
Thompson, MSC, to Dist., "Ad Hoe Studies of Alternate Apollo Applications Pro-

gram Plans," 17 January 1968; letters, James E. Webb, NASA Hq, to F. L. Thomp-

son, MSC, Leland F. Belew, MSFC, and Thomas W. Morgan, KSC, "AAP 5, 6, and
7 Mission DefinitiGn," 1 February 1968.

23-24 At NASA Hq, movements were underway to select a new name for post-Apollo

manned space flight (AAP)--one that would be more descriptive of the agency's
real goals and objectives. At the Planning Study Group meeting, Douglas R.

Lord, Chairman of the Working Group on Extension of Manned Space Flight,
was asked to recommend a new name for NASA's Earth-o,bital flight pro_am

of the mid-1970s. However, AAP Director Charles W. Mathews urged that the

name AAP be retained because NASA had a good deal invested in it. On 26
July, julian M. West wrote Lord recommending that NASA choose some other

nam :o cover both AAP and an interim space base of the mid-1970s (dubbed

the "lOWS" program, for Interim OrL[tal Workshop). West urged that all such
names as "AAP," "Workshop," and "Extension of Manned Space Flight," be.

dropped because they did not accurately describe what he saw as "the major

goal--manned space flight itself." West voted for a name put forward by George
Trimble of MSC, "Space Base Program," vehich he believed covered NASA's

mid-1970s missions. "We are establishing a foothold for man in space."

Letter, Juliat_ M. West to NASA Hq, Attn: Chairman of Working Group on Exten-
sion of Manned Space Flight, MTD, "Program Nt.me for Post-Apollo Earth Orbital

Flight Test Program," 26 July 1968.

31 Agreement was reached on the availability and utilization of an acceptance check-

out equipment station at MSFC for the ATM. Availability of the acceptance

checkout equipment station would be contingent upon successful completion of
the Apollo program and the assumption that any contingencies that might arise

_dversely affecting the Apollo schedule would also impact Apollo Application.-
checkout need dates.

Letten, H. T. Luskin, NASA Hq, to Leland F. Belew, MSFC, 31 July 1968; Charles
W. Mathews_ NASA Hq, to Wernher wm Braun, MSFC, 23 July 1968.

Aug_,_ Following receipt of NASA direction to limit Saturn V production to Vehicle

1 515, MSFC began terminating production of engine hardware for the Apollo
and Apollo Applications programs. The action involved 27 H 1, eigh;. F-!, and

three J-2 rocket engines.

oT.too,
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Letters, George E. Mueller, NASA Hq, to James E. Webb, NASA Hq, "S-1C Long 1968
Lead tfardware Procurement Contract," 3 June 1968, James E. Webb to George E.

Mueller, "Termination of tile C_mtract for Procurt'ment of Long Lead Time Items for August

Vehicles .$16 and `517/' I August 1968.

ATM film and camera storage during launch, throughout the mimion, and during 9

reentry was reviewed. North American repre:_entatives covered the command
module's capability for film return, .and Grumman representatives discussed the

lunar module's crew provision storage. Principal Investigators and MSFC ATM

personnel attended the presentation.

NASA, "Manned Space Flight Weekly Report," 16 August 1968.

ATM experiments would be designed to observe and record solar features or 9

regions of interest by using a variety of scientific instruments an5 recording

devices. Observations would be made over a wide range of energy wavelengths

in the form of both solar images and solar spectra. They would be preserved for

future study by recording them on photographic film or magnetic tape. These

experiments would provide new knowledge of the Sun, solar features, solar

,. phenomena, and the solar processes of energy release.

MSC, "ATM Mission Review," 9 August 1968.

MSFC issued a request for proposals to design and develop an actuator system for la

the ATM. The device, expected to weigh about 9 kg, would deploy the ATM's

solar panels once the vehicle was placed in orbit and docked with the Workshop.

MSFC News Release 67-178, 12 August 1968.

McDonnell Douglas, Grumman, and Massachusetts Institute of Technology made I_

pres*ntations to MSC on an automated rendezvotts study effort It was the final

meeting of an ad hoc study group which agreed that automated rendezvous and

statienkeeping were feasible and would not impose severe hardware or operational

constraints. The MSC AAPO was preparing a report on the study results.

NASA, "Manned Space Flight Weekly Report," 16 August 1968.

NASA issued a directive providing program standards for achieving uniformity of Is

terms, practices, and criteria to be used _hroughot_t the AAP in the generation of !
nonconformance data that could be readily combined, compared, and assessed

for potential program impact. O_1.GTtq/_...__p_G_ I_oot g,t
: AAP Directive No. 10, "AAP Nonconformance Reporting and Corrective Action," 0'_ 'P i

15 August 1968.

NASA announced award of a cost-plus-incentive-fee contract to Bendix Corpora- 20

tion to develop one prototype and five flight-model star trackers for the ATM.
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1968 MSFC News Release 68-196, 2J; August 1968. '_

A 'sgust

MSFC informed MSC that Genc::al Electric Company had been awarded a
18

contr,tct for "Human Engineering C,'itc,'ia fi)r Maintenance and Repair Study."
The contract would yield data directlv applicable to the AAP-2 and AAP--4

flights, as well ,x_ later mk_ions. The underwater testing portion of the study
required the use of space suits, and it was felt that the most useful data would be

achieved if Apollo-type space suits cotdd be used. MSC was requested to furnish

two suits for that portion of the study to be performed at General Electric's Valley
Forge, Pennsylvania, facility in October 1968.

Letter, J. O. Aberg, MSFC, to Richard Johnson [sic], MSC, "Spacesuit support," 28
August 1968.

29 NASA established policy for nonmetallic materials selection, control, test, and
evaluation in the AAP, emphasizing the importance of the nonmetallic materials

program and its relationship to crew safety and mission success. The directive

reflected a unified multicenter approach for obtaining maximum benefits from
nonmetallic technology.

AAP Directive No. 16, "Apollo Applications Program Nonmetallic Materials Policy,"
29 August 1968.

S.ph,mb., MSFC Director Wernher yon Braun performed a full-pressure suit test in the

4 Saturn I Workshop immersed in the Neutral Buoyancy Tank. He reported that
the upgraded seals used in the aft dome penetration sealing study were "very

ood "g , but recommended additional handholds and tether points.

Memorandum, W. Kuers, MSFC, ',_ D. S. Akens, MSFC, "Historical Data," July-
September 1968.

1o Seeking a better balance between Apollo and AAP workloads, NASA Hq
authorized t)'e transfer of program development responsibility for the AM and

the LM/ATM froth MSC to MSFC. This move represented a major shift in

AAP managenlent and placed AAP design and integration re°ponsibilities under

a single NASA center. Those reslxmsibilities included not c,nly hardware design,
hut also systems engineering, development testing, and inteR,ration to ensure

compatibility between flight hardware and ground support equipment.

Memoranda, Charles W. Mathews, NASA Hq, to James E. Webb, NASA Hq, "AAP
Management," 20 August 1968; James E. Webb to George E. Mueller, same subject,
10 September 1968" undated plan, "Delineation of Management Responsibilities,

Apollo Applications Program," cosigned by Robert R. Gilruth, MSC, K. H. Debut, .:

Z, SG, and Wernher von braun, MSFC. i:

)v An AAP experiment-integrated test program and requirements for a fit and

function test of experiment flight hardware were established. The program would
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provide firm need dates of eqtfiputent keyed to test dates rather than launch 1968

dates; limit the period t;f c,.mtinuin g ent_ineering iiit_difications and redesign; $etstatnber
verify the man and re;t: hine interfaces, using flight hardware wcll in adwmce of

the eqt,ipment reaching KS(;: and ensure availability of flight-qt,alificd experi-
ments to support ax_igncd missions.

Memoranda, tl. T. Luskin, NASA th I, to Dist., "AAP Fxperiment Flight Article Inte-

grated Testing," 17 September 1968.

Supporting development work in AAP w_ts elintinated, except that of an urgent tr

or critical nature, such as the integrated medical and behavioral laboratory

measurement system. This redttction in progr:,.m supporting development work

was the restflt of budget restrictions when available appropriated funds were

reduced from $32.0 million to ,18.'2. million for Apollo arm AAP.

Letter, George E. Mueller, NASA l'lq, to Robert R. (;ilrutb, MSC, 17 September
1968.

A preliminary design review for the :VI'M was hekt at MSFC. Working groups 2a-26
cotnpo_'d of scientists, engineet.'s, and a.stronauts covered specific areas such as

pointing control, electrical and electronic sttpport equipment, n X_ion operations

requiremcnts, mechanical and tltermal consider:ttions, instnmlentation, communi-

cations, control and display eqtfipment, crew station, experiments, and quality
anti reliability during testing and nlanttfactttre.

Mentorand..m, Robert F. Thonq)son, MS(:, to D;_t., 11 Septelnber 19611; MSFC News

Release 68--221, 2:1 September 1968: NASA, "Manned Space Flight Weekly Report,"

7 October 1968.

MSFC and KSC ollicials agreed upon procedures fi,r maintaining tile capability o,t,_t

to check out and lat,nch tile rent;fining Satut-zl IB vehicle inventon'. Their joint 2
reconmtendations inchtdetl '.t phasedown on contractor activity following the

AS-205 launch: deactivatitul of I.atulch (kmtple×es 3.l and 37 to allo, v nlaximum

storage of cquipnwnt and mi/finmnt maintenance on itetns renlaining in place;

and ctultintt;tllce of KSC analysis of nlanpower required to support the AAP dtlM

launch requirement, with ctmtractor participation at tile earliest date.

MelllOralldtll|l, K, II. Debtl.%KSC, to Di_t., 2 October 196B: KSC, "Weekly Re-
port," IOOctober 1968.

A procedure that defined and tier;tiled AAP intcr.Cet,ter interface management 2
procedures and the operation of a repository flu" AAP inter-Center interface

control documents (ICD's) and interface revision notices wits published.

Memorandum,Robert F. Thompson, MSC, to Dist., "AAP Intercenter ICD Manage-
ment Procedure," 2 October 1968; AAP Intercenter ICD Managenwnt Pr,medure
Dtwument No. IMPODI,September 1968.

1'1"3

19780085R 1-1RR



LUNARMODULE/APOLLO
TELESCOPEMOUNT ATM SOLAR

ARRAYPANELS ORBITALWORKSHOP

OWS SOLAR
INSTRUMENTATION UNIT ARRAYPANELS

SPACECRAFTLM ADAPTER(FIXED1
AIRLOCKMODULE

COMMAND

SERVICE/_OP-.U/MoDUL E MULTIPLE
DOCKING TRANSITION
ADAPTER SECTION

The AAP cluster as visualized by personnel of NASA's Office of Manned Space
Flight in Washington in September 1968.

1968 MSFC was requested to proceed with the definition of a system to transmit tele-

vision from orbiting Apollo Applications spacecraft to selected Manned SpaceOctober

Flight Network ground stations. Design of the system would include use of

e equipment developed from previous programs and elimination of elaborate tests,

qualifications, and paperwork in its definition.

Letter,H. T. Lusl¢m,NASA Hq, to Leland F. Be[ew, MSFC, "An RF TV Link for
the AAP," 8 October 1968.

e-11 A lunar module preliminary design review was held at Grumman. The review

indicated that an adequate basis existed for continued design and development.

Some decisions on the LM which would require MSFC implementation were

simplification, rearrangement, and appropriate relocation of crew provisions,

restraints, and controls in the LM crew compartment and updating of plans and

specifications for the modifications.

Memorandum,Robert F. Thompson, MSC,,to Dist.,"ApolloTelescopeMount (ATM)
and AAP LM Preliminary Design Reviews (PDK's)," 11 September 1968; NASA,
"Manned SpaceFlight Weeklygept_rt,"21 October 1968.

21 In the transfer of the AM contract al_d its management responsibilities from MSC

to MSFC, agreements were reached on the content of the work statement and its

appendices, contract-required plans, performance and configuration specification,

and list of government-furnished equipment. McDonneU Douglas was requested

to proceed with technical briefings for MSFC prior to the formal transfer of
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PART 11: APOLLO APPLICATIONS PROGRAM

management responsibility of the AM from MSC to MSFC. (See 10 September 1968
entry.) Transfer of the technical management of the AM from MSC to MSFG October

would become effective 1 December.

Letters, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSC, K. H. Debus,

KSC, and Wernher yon Braun, MSFC, 1 October 1968; Robert F. Thompson, MSG,

to Leland F. Belew, MSFC, "MSC plans for definitlzation of the baseline for the

Airlock Contract," 1 October 1968; NASA, "Manned Space Flight Weekly Report,"

: 21 October 1968; TWX, Robert F. Thompson to Leland F. Belew, "Transferring

Technical Management of the Airlock Module Contract," 2 December 1968.

MSFC was requested to initiate a study and propose plans for incorporation of a November

teleprinter in AAP spacecraft. The plans would consider a teleprinter in both the $

AM and LM; a teleprinter in the AM; a portable teleprinter which would be
used in either the AM or the LM.

Letter, H. T. Luskin, NASA Hq, to Leland F. Belew, MSFC, "A Teleprinter for AAP

Spacecraft," 5 November 1968.

At KSC, program responsibility for the Saturn IB vehicles and LC-34 and _0

LC-37 was transferred from the Apollo Program Manager to the AAP Manager.

Among the management functions transferred were chairmanship of the Apollo
Applications Launch Operations Panel, KSC cochairman of the Systems Inte-

gration P:nel, KSC senior member of the Mission Evaluation Panel, Configura-

tion Control Board chairman for Apollo Applications, direct interface with KSC

Design Engineering Directorate, and authority to validate performance and

requirements specifications.

Memoranda, K. H. Debus, KSC, to George E. Mueller, NASA Hq, 2 October 1968;

R. O. Middleton, KSC, and Thomas W. Morgan, KSC, to K. H. Debus, 28 October

1968, approved by K. H. Debus, 20 November t968.

An analysis was made of CSM modifications proposed for AAP. The AAP _1

spacecraft requirements and the subsequent subsystem modifications from the

Apollo spacecraft resulted from the longer mission duration, increased mission

support, docked attitude constraints, anti cost and weight factors involved in AAP.

Letter, H. T. Luskin, NASA Hq, to Associate Administrator for Manned Space

Flight, "CSM Modification Requirements for AAP," 21 November 1968.

MSC responded to a 4 October 1968 request from NASA Hq to further study 21
selected SLA modifications and a short MDA docking tunnel. MSFC asked

North American to study two cases involving SLA modifications. In both ca*t.s,

North American utilized the probe cover configuration: (1) case I utilized a nose

cone, rocket jettimn motor, it modified Apollo SLA, and the Apollo SLA ord-

nance separation system; (2) ea_ II utilized a lightweight segmented nose section

designed as an integral portion of a modified Apollo SLA. This case also used , k'(. _ "G_-

thenoseApOllOsection/SLASLAordnanCeenclosure.Separationsystem with a lateral jettison of the integral O_G_J_'ar_",,,c_ _L_ _
_t_ ][%1"-"
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SKYLAB: A CHRONOLOGY

1968 Review of this study indicated that in either case, although both could be con-

sidered technically feasible, additional analyses would be required includingNovember

dynamic analysis (recontact), thermodynamic analysis, and modifications to
ground support equipment. MSFC had reexamined the possibility of shortening

": the MDA docking tunnel, which would eliminate the need for a SLA modifica-

tion. Two constraining factors governing the modification were (1) sufficient
:i

tunnel standoff distance from MDA pressure to assure no LM contact with the
MDA and (2) launch clearance between the MDA Port I cover and the interior i
surface of the SLA.

q

It was felt that any compromises that would necessarily complicate the design and ,;

operation of orbiting spacecraft hardware (MDA) as opposed to modification of

expendable (SLA) hardware would not be the best choice, and MSFC therefore
recommended that the "short tunnel" not be pursued further, t

Letter, Leland F. Belew, MSFC, to H. T. Luskin, NASA Hq, "Payload Enclosure for

AAP-2 and AAP-4," 21 November 1968. "_

25 Harold T. Luskin, Director of Apollo Applications in NASA Office of Manned i
Space Flight, died in Bethesda, Maryland, of respiratory illness. He had joined
NASA in March 1968 and had become Apollo Applications Director in May.

NASA Special Announcement, 26 November 1968.

2z MSC awarded a contract to Allis-Chalmers Manufacturing Company to flight-

qualify the improved fuel cell electrical power system for AAP. The fuel cell
system had been developed under three previous contracts that began in 1962. .,

Under the present contract (to run through February 1970), Allis-Chalmers would

try to achieve fuel cell lifetimes of 2500 hours to ensure adequate margins to

satisfy 1500-hour manned AAP missions. (See 18 July 1969 entry.)

MSC News Release No. 68-83, 27 November 1968.

December MSC awarded a two-year, cost-plus-incentive-fee support contract to TRW Inc.,

Redondo Beach, California, for mi._ion trajectory control and sFaeecraft systems17
analysis programs. The mission control part of TRW's contract involved fight

trajectories and mission simulation, while the latter aspect encompassed systems

engineering and analysis of systems and subsystems aboard the spacecraft.

MSC News Release 68--86, 17 December 1968.

18 William C. Schneider was appointed NASA Director of the Apollo Applications

Program, succeeding the late Harold T. Luskin. Schneider had formerly been

Mission Director in the Apollo Program and Gemini Program Director.

NASA News Release 68- 217, "Schneider Heads AAP," 18 December 1968.
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PART n: APOLLO APPLICATIONS PROGRAM

MSC awarded a contract to North American Rockwell, Downey, California, for 1968
preliminary design of modifications to the Apollo block II command and service December
modules for use in long-duration AAP missions. !

31

MSC News Release 68-88, 31 December 1968. :

Installation and instrumentation of a 2.4-m-diameter tank in the MSFC vacuum 1969

chamber test tower for an OWS insulation liner outgassing test was completed.
January

The testing simulated part of the passivation phase of the AAP-2 mission to
evaluate the outgassing and heat tramfer characteristics of the OWS insulation s
liner and the resultantatmosphereand environment inside the Workshop. Testing
was performed by MSFC personnel with McDonnell Douglas test support
personnel making the outgassing measurements.

NASA, "Manned Space Flight Weekly Report," 13 January 1969.

An AAP baseline configuration review was held at NASA Hq. Attendees in- 8
eluded the Center AAP Managers, the AAP Director, and key Center and

Headquarters personnel. Headquarters presented a new AAP-2 experiments list.
MSC and MSFC presented the weight status of the AAP missions, recommended
control weights for the modules, and proposed weight management systems. MSC
presented a status report on a joint study by MSFC and MSC of the stowage
list for the AAP flights and gave a status report on plans for AAP space suits
and space suit support.

Letter, William C. Schneider, NASA Hq, to Robert F. Thompson, MSC, Leland F.
Belew, MSFC, and Thomas W. Morgan, KSC, "Minutes of AAP Baseline Configura-
tion Review Held January 8, 1969," 13 January 1969.

A controls and displays review, the third and final one, was held at North _4
American Rockwell, Downey, with an astronaut review team in attendance.
North American gave a review of the major reorientation of the controls and
displays, and the significant systems modifications which occurred since the pre-
vious meeting. As a result of the three reviews, very little controls and displays
activities would be necessary at the command module and service modules

preliminary, design review.

NASA, "Manned Space Flight Weekly Report," 27 January 1969.

A meeting was held at Martin Marietta, Denver, to discuss improvementsto the _4..Is
experiment integration requirements document in the areas of experiment test and
checkout. Representatives from KSC, MSFC, and MSC established a set of
guidelines and instructions that would identify the hardware flow plan and test
activity associated with the experiment integration and prelaunch phase. Martin
Marietta was directed to use the instructions for future issues or revisions to the

experiment integration requirements document.
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SKYLAB: A CHRONOLOGY

1969 "Apollo Applications Test, Weekly Highlights Report," 22 January 1969.

January

Management of the Saturn IB project and AAP-assigned spacecraft was trans-
is ferred from the Apollo program to AAP. This transfer of management responsi-

bility included Saturn IB launch vehicles SA-206 through SA-212 and Saturn IB
unique spares and unique facilities. The Apollo program would continue to fund

" the Saturn IB effort through FY 1969, except for that effort unique to AAP.

Beginning in FY 1970, the Saturn IB funding would be an AAP responsibility.

This transfer of responsibilities placed management of the Saturn IB project under

control of the program that would use it and relieved Apollo management of

some responsibilities, allowing more time for concentration on the mainline Apollo

program.

Letters, S. C. Phillips and W. C. Schneider, NASA Hq, to Associate Administrator for

Manned Space Flight, "Transfer of Saturn IB Project Management to the AAP,"

15 January 1969; George E. Mueller, NASA Hq, to Robert R. Gilruth, MSC, 22

January 1969.

is NASA reported that considerable progre_ had been made during the underwater

test program begun at MSFC's neutral buoyancy simulator several years earlier.

The program was providing information essential for design of the first U.S. space
station. Technicians, design engineers, and professional divers in space suits and

scuba gear were conducting t,xsks similar to those necessary to activate an orbiting

Workshop, in a 5300-cu-m (1.4-million-gal) tank containing mockups of the AAP
chtster elements (Workshop, Apollo telescope mount, solar observatory, and

airlock and multiple docking adapter), simnlating weightle_ne,_s of space. Con-
clnsions from the tests would be reflected in the Workshop's final design, with a

decision expected in May 1969.

NASA News Release 69-4, 15 January 1969.

2o Following six weeks of familiarization with the OWS, R. Walter Cunningham
made a number of recommendatic, ns for modification of its interior. Among these

were di_onfinuance of hardware developn-,ent conceived to support the concept

of compression walking; elimination of a settee from the food management

compartment; discontinuance of any consideration of a cot for zero-g sleep

stations; simplification of fire extinguisher brackets; and di_ontinuance of devel-

opment of a cargo transfer device in the OWS and AM.

Memorandum, R. Walter Cunningham, M$C, to Director uf Flight (3rew Operations,

MS(3, "Apollo Applications Program Orbital Workshop," 20 January 1969.

20 MSC announced a reorganization of tl:c AAPO in Houston: the Future Missions

Project Office w,xs redesignated the Command and Service Module Project
Office; the Program Control t_ce became the Aanagement Operations Office;

the Systems Engineering Oil; was redesignated the Engineering Office; the Test

Operations Office became ' .tanufacturing :nd Test Office; the Mission Oper-
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PART U: APOLLO AI PLICATIONS PROGRAM

ations Office was redesignated the Missions Office; affr1the MSC AAPO Resident 1969

Office at St. Louis was closed. This reorganization was a result of the reassign- J,,u, ry
ment of AAP management responsibilities to MSFC in September 1968, the
transfer of which had recently been concluded.

MSC Announcement 69-7, "Organizational Changes and Personnel Assignments

' Within Apollo Applications Program Office," 20 January 1969.

A meeting was held at McDonnell Douglas, Huntington Beach, to discuss 24
habitability support system requirements and concept selection. It was decided
to investigate moving partitions between the waste management and food man-
agement compartments to improve the distribution of space. A quick anal)sis
indicated little program impact from the change; however, the prdiminary re-
quirements review would be based on the existing floor plan.

MSFC, "Weekly Activity Report for Two Weeks Ending 2-4-69," 7 February 1969.

A meeting to discuss the feasibility of space stations as the major post-Apollo 2r
manned space flight program was held at NASA Hq, Some comments from
attendees follow:

Edgar M. Cortright, Dkector, LaRC

• The 1975 launch date would preclude major advances in technology at
the outset of the core space station.

• A regenerative life support system would be needed for minimum

resupply.
• Replaceable rather than expendable units would require a new

philosophy.
• Too advanced missions should be avoided at the outset.

Abe Silverstein, Director, Lewis Research Center

• NASA must do initial homework on size, weight, orbits, programs and
experiments, logistic support, power, and communications. These factors
would all need to be defined.

Wernher yon Braun, Director, MSFC

• NASA should spell out the sciences, technology, applications, missions,
and research desired.

• NASA should define a 1975 station a.sa core facility from which the
ultimate space base can grow in an efficient orderly evolution through 1985.

P,obert R. Gilruth, Director, MSC

• NASA should be looking at a step comparable in challenge to that of

Apollo after Mercury.

]49 OIIIGIN/d,
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1969 • Design should emphasize the utility of the space base as a waystation
to the Moon and Mars.

Janvary
• Cargo and passenger transfer without extravehicular activity should be

available.

• The logistics vehicle support system should be decoupled from the

station-building launch capability at the outset.

George E. Mueller, Associate Administrator for Manned Space Flight

• Perhaps the logistics shuttle system should be developed first, before

space station characteristics are decided on.

James C. Elms, Director, Electronics Research Center

• We should design for artificial gravity and maybe later use the space

station without it. You can easily decide to stop something you decided to

spin, but it's a diode: you can't later decide to spin something you didn't

design to spin.

Extracts from NASA Administrator Thomas O. Paine's "Notes Fro_a Meeting on

Space Stations," 27 January 1969.

2a Development tests to verify the design concept of the chain drive mechanisms of

the ATM solar array system were completed. Preliminary data and operation

were very promising. This hardware would be utilized in assembly of a complete

solar array to be used for deployment testing.

NASA, "Manned Space Flight Weekly Report," 3 February 1969; "Apollo Applica-
tiom Test Weekly Highlights Report," 29 January 1969.

a0 MSFC definitized the existing letter contract with Martin Marietta for the

payload integration and systems engineering effort for AAP, as well as the control

and display console for the ATM. Estimated value of the contract was $98.2

million. The work, begun under letter contract in January 1968, would extend

through the end of November 1972 and covered AAP Flights 1, 2, 3, 3A, and 4.

MSFC New_ Release 69-43, 18 March 1969.

r.eb,uar_ Director of AAP William C. Schneider emph,x_ized the magnitude of procurement

actions for the program. He pointed out that "procurement actions for AAP

have in a sense pioneered a procurement philosophy that may be considered

unique. We seem to constantly seek new way% or develop procurement methods

out of the ordinary to accomplish our changing program objectives. I am
determined . . . that procurement will not be a hindrance, but rather take the

lead in this effort .... I can foresee the need for even deeper and quicker and

greater procurement involvement over the next 12 months ,as the tempo of our

program increases." Schneider suggested that additional procurement personnd
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PART n" APOLLO APPLICATIONS PROGRAM

be assigned to meet the needs as AAP emerged from its formative stage into full 1969

maturity, r,.b,,.,_y

Letter, W. C. Schneider, NASA Hq, to NASA Director of Procurement, "Procure-
ment Support for AAP," 3 February 1969.

A meeting of the ATM Contamination Working Group was held at KSC. 4-s

Representatives present were from NASA Hq, KSC, MSC, and MSFC. Experi-
:_ ment Principal Investigators also attended. Items covered included real-time

contamination monitoring during thermal vacuum testing, thermal vacuum test
i_ plans, optical degradation from vacuum chamber operations, and cluster effluent

studies. Several of the Principal Investigators expressed a desire for real-time
contamination _onitoring during thermal vacuum tests of the ATM. The Naval

_: Research Laboratory was trying to develop a monitor for the ultraviolet region
and was planning to submit an engineering change proposal to provide an ultra-
violet source for the tests. This would allow them to operate their instruments

: and obtain data on their efficiencyduring such tests.

, "Apollo Applications Test Weekly Status Report," 12 February 1969; NASA,
"Manned Space Flight Weekly Report," 17 February 1969.

A preliminary design review for the AAP CSM mockup was held at Downey, 4-14
10-14 February. It followed an a_tronaut review of the mockup 4-6 February.
A total of 404 review item discrepanctc=,consistingmainly of detailed changes to
documentation and design, were identified. General satisfactionwith the mockup
was expressedby the astronauts.

NASA, "Manned Space Flight Weekly Report," 17 February 1969; brochure, Space

Division of North American Rockwell, "Apollo Applications Program Preliminary

Design Review CSM SD69-252," undated.

Orbital Workshop solar array system preliminary requirements review presenta- 4-19
tions were made 4 February. On 5 February problem areas were discussed; no
major problems were identified. Primary areas of concern were time of deploy-
ment, from power and thermal considerations, and contamination of solar calls
after deployment. On 13 February the board convened to dispose of the accepted
requests for change. The only request for change of programmatic importance
was the need for a checkout of the solar array pointing system at the Sacramento
Test Operations Facility.

NASA, "MannedSpaceFlight Weekly Report,"25February1969.

AAP Directcr William C. Schneider, in a letter to MSFC's AAP Manager Leland 7

F. Belew, said that Belew's letter of 7 January 1969 reflecting the results of a

preliminary investigation to determine the feasibility of operating the Harvard
College Observatory's ultraviolet spectrometer experiment in an unmanned AAP
mode was interesting. Schneider said the preliminary results indicated the possi-

,& !,
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1969 bility of only minor programmatic impacts to provide a fixed pointing pofition

_,Uruary capability during the aforementioned period and asked Belew to pursue this
minimal approach coordinating directly with the observatory. Schneider sug-
gested that MSFC should study ground support and Manned Space Flight Net-
work requirements and coordinate them with MSC. He further requested that
any significant impacts imposed on program costs, schedules, or performance as
a result of the implementation of the proposed operational change be brought to
his immediate attention.

Letter, William C. Schneider to Leland F. Belew, "HCO Proposal for Automated

ATM Operation," 7 February i969.

12 NASA launched another AAP-related Aerobee 150 sounding rocket from White
Sands Missile Range. The rocket carried a Naval Research Laboratory payload
to 187.9-km altitude to record photographically 18 extreme ultraviolet spectraof
solar photosphere, chromosphere, and corona, using a flight design verification
unit of the high-resolution spectrograph planned for ATM-A and ATM-B.
Rocket and instruments performed satisfactorily.

NASA, "Report of Sounding Rocket Launching."

le An early test model of the ATM control computer was delivered by Bendix
Corporation to MSFC where it was undergoing performance tests. This was a
preproduction unit and did not include all the functions that would be in the
flight version. The first flight unit was scheduled for deliveryin September 1969.

MSFC, "AAPO Weekly Activity Report," 24 February 1969; "Apollo Applications
Test Weekly Status Report," 28 February 1969.

26 NASA announced it would negotiate with North American Rockwell for modifi-
cations to four Apollo spacecraft for AAP.

Letter, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSC, 26 February 1969.

26 MSFC hosted an AAP medical experiments review attended by representatives
from NASA Hq, KSC, MSC, and MSFC. Purpose of the meeting was to discuss
the status of the development of medical experiments and to a_ess their ability to

meet program need dates. Medical experiments were being developed that would
provide flight hardware to support scheduled launch dates. However, flight
hardware would not be available to support fit and function tests of experiments
in the OWS or the MDA. Alternate methods would be investigated using flight
configured hardware rather than actual flight hardware to satisfy these test
requirements.

Letter, William C. Schneider, NASA Hq, to Robert F. Thompmn, MEG, and Leland

F. Belcw, MSFC, "Review of AAP Medical Experiments," 18 February 1969; "Min-
utes oi Medical Er.periments Meeting-MSFC," 23 February 1969; "Apollo Appli-
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PART II: APOLLO APPLICATIONS PROGRAM

cations Test Weekly Status Report for Week Ending February 26, 1969," 28 February 1969
1969.

February

Massachusetts Institute of Technology published its final report (R634 dated Duringthe
February 1_69) covering a series of eight software tasks that had been assigned to Month

them during the initi_d phases of AAP. Study results included a computer sub-
routine for CSM local vertical hold; a technique for performing differential CSM
jet firings for more precise attitude control; and an autopilot, similar to the
present one, to control attitude during spinup, spindown, and reorientation for
the docked CSM/LM/ATM.

NASA, "Manned Space Flight Weekly Reporh" 24 March 1969.

A review of some potential color application processes for the OWS was held at Mnrch
MSFC with McDonnell Douglas. The prime contender for the exterior of the 4
OWS was a gold porcelain enamel. Other processes in development testing were
a teflon coating for the aluminum foil in the OWS interior and the application
of porcelain enamel or micatex paint for other int_.rior areas.

"Weekly Progress and Problem Summary for the Administrator--Apollo Applications

Program," 20 March 1969; NASA, "Manned Space Flight Weekly Report," 24 March
1969.

An AAP baseline configuration review was held at NASA Hq. During the review, 4
MSC and MSFC presented the results of a study of the AAP backup and
alternate missions. MSFC led discussions on a proposed major design review and
presented results of a study on a flexible airlock module, the status of work related
to stowage problems, and a review of the cluster instrumentation and communica-
tions systems. MSC made a presentation on launch windows for the AAP
missions, gave a status report on a stud), of combining the AAP-3A and AAP--4

missions, and proposed deletion of the lunar module abort guidance system.

Letter, William C, Schneider, NASA Hq, to Robert F. Thompson, MSC, Leland F.

Belew, MSFC, and Thomas W. Morgan, KSC, "Minutes of AAP Baseline Configura-
tion Review Held March 4, 1969," 11 March 1969.

A series of ATM extravehicular activity neutral buoyancy test_were performe.:lat 4-_2
MSFC. Astronauts participated in both _uba gear and pressurized space suits.
Purpose ef the tests was to evaluate the performance and procedures for moving
film cassr,ttes to the two ATM work stations and to perform some of the tasks
required at these stations. Recommendations were made for the improvement of
most of the features evaluated. As a result of the tests, equipment and procedures
modifications were made.

MSFG Process Engineering Laboratory, "Neutral Buoyancy Simulator Daily Log,"

4 March 1969; "Weekly Progress and Problem Summary Report for the Administra.
tor_Apollo Applications Program," 6 March 1969; "Apollo Applications Test Weekly
Status Report," 6 March 1969; "Weekly Progress and Problem Summary Report for
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1969 the Administrator--&poilo ?,t_plications Program," 28 March 1969; "Apollo Appli-
cations Tests Weekly Highlights Report," 27 March 1969.

March

5-6 At Huntsville, representatives from Headquarters, MSC, KSC, and MSFC

conducted a preliminary requirements review of various crew equipment aboard

the Apollo Applications Program Workshop. The review constituted a significant
milestone toward establishing firm requiremen*.s for iter:s such. as the waste

management system, sleep restraints, and off-duty equipment for the crew. The

continuous search to reduce program costs led to elimination of the automatic

data management and optical verification systems and to simplification of the

water system aboard the craft. Also, the hygiene system would be government-

furnished equipment, and designers imposed strict limits on use of off-duty

equipment.

"Weekly Progress and Problem Summary for the Administrator-Apollo Applications
Program," 14 March 1969; MSFC, "Weekly Activity Report," 14 March 1969; NASA,

"Manned Space Flight Weekly Report," 17 March 1969.

1o A test to evaluate the hydrogen-helium ou*yassing characteristics of the OWS

during passivation was conducted in the vacuum chamber at MSFC. Total

pressure and partial pressure were monitored ove: a 40-hour simulated pa_ivation

period. Test reports indicated that all measurable traces of hydrogen disappeared

in four to six hours, while h aces of helium remained throughout most of the

passlvation period.

NASA, "Manned Space F_Yght Weekly Report," I0 March 1969.

! 1 During an AAP briefing at MSC, Deputy r_ir.ctor of Apollo Applications John

H. Disher said "... we are in manned flight today, in a position roughly com-

parable to that in 1910 for airplanes . . . and in 1910 or in 1909, it was the

well-known physicist of his day, Simon Newcomb,... who said anyone who thinks
that the airplane will sometime replace the train is out of his mind .... " Disher

was describing AAP: what the progr: n was and what it planned to accomplish.

Text of Apollo Applications Program Briefing, John H. Dither, NASA Hq, 11 March
1969.

to A definitive contract for pa t, ad integration ",1ztipport of AAP was awarded to

Martin Marietta. In addition to systems engineering and integration relating to
the payloads for each vehicle and the entir: cluster_ Martin Marietta. would

develop and fabricate ..'he control and displays for t!;e ATM. The major portion
of the work would be performed at Martin Marietta's Den,'er plant.

NASA Hq News Retease 69-43, "AAP Support Contract," 18 March 1969; letter,
William C. Schneider, NASA Hq, to Deputy Associate Administrator for Manned

Space Flight, "Bpckground Information on Martin and GE Support for the AAPO,"

O,_"O,_f 17 Mmmh 1969.
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The abort guidance system was deleted its backup to the primary navigation 1969
guidance system during unmanned rendezvous and docking in AAP. An ira- March

portant factor in the decision to delete it from the baseline configuration was
the fact that the system provided only a partial backup to the primary navigation 19
guidance system during unmanned rendezvous and docking. Deletion of the
abort guidance systemwould result in a cost savings of approximately $8.7 million.

Letters, William C. Schneider_ NASA Hq, to Robert F. Thompson, MS(3, "Deletion

of the Lunar Module Abort Guidance System as Backup to Primary Navigation Guid-
ance System During Unmanned RendeTvous and Docking," 19 March 1969; William

C. Schneider to Robert F. Thompson, Leland F. Belew, MSFC, and Thomas W.

Morgan, KSC, "Minutes of AAP Baseline Configuration Review," 11 March 1969.

A meeting at MSFC examined design changes leading to weight increases in the 24
OWS. The major changes were: a high-performance installation on the forward

" dome that increased weight because of purge requirements producing structural
adjustments; thermal extensions to the meteoroid shield to minimize heat leaks;
_lar array system modification requirements; and updating of the intercommuni-
cation system weight.

NASA, "Manned Space Flight Weekly Report," 1 April 1969.

The interface status of the CSM and MDA was revicwed at MSFC with repre- 2*-27
sentatives from NASA Hq, MSFC, MSC, Martin Marietta, and North American
Rockwell. The closing mechanism appc:,'cd to be working well; the caution and
warning criteria would require additional systems engineering attention.

NASA, "Manned Space Flight Weekly Report," 7 April 1969; "Weekly Progress and

Problem Summary for the A0ministrator--Apollo Applications Program," 4 April
1969.

As a result of the MSFC structural analysis meeting held at MSFC, the following -.s

actions were planned in the AM/MDA te_t program: to increase loading ca-
pacity, a small number of rivets would be changed to the next largest size in an :i
r,rea near the joint section; the structural test article would be shipped by Guppy, a

arriving at MSC by 1 May; integrated test preparations would begin at MSFC ;!
during the first week in May, and static tests would sta_ on 15 June.

NASA, "Manned Space Flight Weekly Report," 7 April 1969; "Weekly Progress and
Summary Report for the Administrator_Apollo Applications Program," 4 April 1969;

"Apollo Applicat:.ons Te.'t Weekly Status Report," :3 April 1969.

The ATM would be a manned solar observatory making measurements of the Ouana
Sun by telescopesand instruments above the Earth's atmosphere. The instruments a,oMonth

would obtain data on the transitions occurring in elements ionized in the vicinity
of the Sun's surface_data contained in the ultraviolet and x-ray spectrum
absorbed by the Earth's atmosphere. Orbiting telescopes would also observe
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1969 flares and regions of the corona hidden to Earth-bound telescopes or covered by
scattered light.Mu_h

NASA Technical Note D-5020, "Scientific Experiments for the Apollo Telescope
Mount," March 1969.

April A critical design review of the Bendix Corporation cryogenic storage system was
l-a conducted at Davenport, Iowa. The review item discrepancies were primarily in

procedures and documentatior, rather than in design adequacy. A NASA, North
American, and Bendix team was assigned action to update the process specifica-
tions, quality assurance controls, and buyof& and to complete the qualification
test plan.

"Apollo Applications Test Weekly Highlights Report," 9 April 1969; "Weekly Prog-
ress and Problem Summary Report for the Administrator---Apollo Applications Pro-

gram," 10 April 1969; NASA, "Manned Space Flight Weekly Report," 14 April 1969.

7 A small film canister, designed and fabricated at MSFC, was ddivered to KSC

for flight test on Apollo 10. The canister, packed with a variety of photographic
film, would obtain information on the .sensitivityof film to the thermal, pressure,
and radiation environment of space, in part equivalent to those which would be
experienced by the ATM in flight. The test would also complement ground
testing and theoretical analyses that were conducted to evaluate potential film
fogging in a space onvironment.

"Weekly Progress and Problem Summary Report for the Administrator--Apollo Appli-
cations Program," 10 April 1969; NASA, "Manned Space Flight Weekly Report,"
14 April 1969.

:' MSFC and MSC recently reo_\qanizedtheir AAP offices to reflect the realignment
of hardware development responsibilities within AAP. The MSFC AAP re-
organization created project offices for each spacecraft module, e.g., AM, LM,
and ATM. The MSC AAP reorganization was structured to include four
functional and two project offices.

Memorandum, Robert F. Thompson, MSC, to Dist., "Procedures for AAP Correspon-
dence to MSFC," 7 April 1969.

_1o An AAP mission requirements meeting was held at MSC. The following items
were among those on the agenda: weight and performance status; need for
buoyancy tests and additional ballast for AAP CSM which were heavier than
Apollo's; and the proposal that a flexible scientific airlock be abandoned due to
hxgh cOSt. *

"Weekly Progre, and t:roblem Summary Report for the Admlnistrator---Apollo Appl|-
cations Program," 23 April 1969.
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MSC conducted a formal mockup review of the CSM-airiock tunnel interfaces to 1969

establish detailed design requirements for all mechanical, umbilical, and electrical April
interfaces. Technical reviews underway at North American Rockwell and MSC

included crew systems, fuel cells, and environmental control. North American 9-11
was ordered to proceed with the AAP SM configuration. The return battery

pack was deleted (batteries would be provided in the CM, and the fuel capacity
of the reaction control system would be enlarged from 545 to 1633 kg).

NASA, "Manned Space Flight Weekly Report," 14 April 1959.

An ATM-acceptance checkout equipment meeting was held at MSFC. The lo

meedng ended with an informal concurrence on the content of an acceptance
checkout equipment inter-Center agreement. The agrement covered deactivation,

transportation, installation, and certification of satisfactory operation of the

MSFC acceptance checkout equipment station. It also covered the responsibilities

of each of the participating Centers (MSFC, MSC, KSC) with regard to the

design, modification, maintenance, operation, and software development of the
station.

"Apollo Applications Test Weekly Status Report," 16 April 1969; MSFC, "Weekly
Activity Report," 17 April 1969.

A meeting was held at MSFC with representatives of the camera manufacturers, 15-16
North American, Grumman, and MSFC to review ATM camera stowage and

handli,_g and the CSM and LM stowage. The fellowing areas were discussed

and assigned for further study: environment (thermal, shock, and vibration);

interface control documents for the cameras and carriers; LM and CM stowage

volume and weight limitations and their effect on camera configuration; and
camera extravehicular activities.

Memorandum, T. C. Winters, Jr., Naval Research Laboratory, to Dist., "ATM

Camera Coordination Meeting," 16 April 1969; NASA, "Manned Space Plight
Weekly Report," 5 May 1969.

A prenegotiation conference for the AM attd OWS contracts was held at NASA 1_

Hq. The most significant program changes concerned the following:

Q Delayed delivery of the backup hardware to conserve FY 1970 funds and

eliminate ground support equipment duplication.

• Deletion of acceptance testing for backup in the initial contract.

• Deletion of certain mockups and trainer updates.

NASA, "Manned Space Plight Weekly Report," 28 April 1969; "Weekly Progress and
Problem Summary Report for the Administrator--Apollo Applications Program," 28
April 1969.
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1969 MSFC issued requests for proposals for manufacture of solar arrays to convert

solar energy into electrical power to operate the OWS. The OWS would haveApril
two wings covered with solar cells--a total area of 111 sq m. Each of the wings

le would be composed of 120 sections. Together the wings would produce 12 000

watts to power the OWS. A preproposal conference on the requests was sched-
uled for 1 May at MSFC.

MSFC News Release 69-116, 18 April 1969.

22 NASA Hq recommended that the palatability of food and water be enhanced for

longer duration manned flight. To accomplish this, a food development plan i
would be directed toward the following objectives: utilization of more conven-

tional foods; resolution of stowage and preservation problems for inflight foods; i

development of facilities to enable more conventional food preparation and eating
in space; and application of principles and practices alrtady utilized by the food

industry for commercial products.

Letters, William C. Schneider, NASA Hq, to Robert F. Thompson, MSC, "In-Flight
Food and Water System for AAP," 22 April 1969; William C. Schneider to Leland F.
Belew, MSFC, "In-Flight Food and Water Heating and Cooling Capabilities for
AAP," 22 April 1969.

29 Apollo Spacecraft Program Manager George M. Low advised Robert F.

Thompson, MSC Apollo Application Program Manager, of the problems the

Apollo program had encountered in caution and warning systems, saying that

"during the past two years, we have had caution and warning changes at nearly

ever), Configuration Control Board meeting." Low said that from that experience

he had reached tb following conclusions: "(1) Caution and warning parameters
should be carefully selected and, when in doubt, the answer should be that the

parameter should not be on the caution and warning system. Only those param-
ete_ that could change rapidly (e.g., between two ground stations) and that would

require immediate action to avoid a catastrophic situation should be displayed on

a C&W system. (2) The caution and warning limits should be easily adjustable,

certainly up to the time of launch, and, preferably, even in flight. The settings

should be adjustable _ that a limit could be opened up or closed down as the

need arises. (3) It should be possible to disable each individual caution and
warning system in flight."

Memorandum, George M. Low to Robert F. Thompson, "Caution and warning sys-

tems," 29 April 1969.

M.y An OWS meeting was held at MSFC in an effort to finalize the interior OWS

t color. Flaking from exposure to the cryogenic tank temperatures precluded the
use of an otherwise acceptable MSFC developed paint. During the meeting a
presentation was given by McDonnell Douglas on coloring procex_s that were

technically acceptable for preinstallation aFplications. Green alodine was ap- _.
proved for the coloring proces_ to l)e used for the Muminum foil fire retardant i
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liner. Loewy and Snaith, Inc., was to prepare an OWS model with a recom- 1969
mended color scheme compatible with the green alodine foil liner. May

MSFC, "Weekly Activity Report," 16 May 1969; NASA, "Manned Space Flight

Weekly Report," 12 May 1969.

An AM arrived at MSFC for ground testing. It formed part of rite AAP OWS I

cluster. The AM would be joined to the MDA and would provide an inter-

connecting passageway between the S-IVB stage and the MDA in flight. The
AM would also condition environmental gases and provide instrumentation, data

management, intercommunications, anti other services.

MSFC News Release 69-124, 1 May 1969; "Apollo Applications Test Weekly High-

lights Report," 8 May 1969; MSFC, "Weekly Activity Report," 8 May 1969; "Weekly

Progress and Problem Summary Report for the Administrator--Apollo Applications

Program," 8 May 1969.

Acting on a suggestion made to him several months earlier by George E. Mueller, 2

Associate Administrator for Manned Space Flight, AAP Director William C.

Schneider established an AAP Software Board headed by Schneider and including

members from the manned space flight Centers, as well as NASA Hq. Such a

board, Schneider said, was needed so that AAP flight software could be developed

promptly and smoothly--and with all eye toward overall system implications.

Also, such a board would facilitate the task of coordinating software work between

the Centers. The board, said Schneider, would review software-related problems
and requirements and would afford an avenue for management visibility into the

software area comparable to that available for hardware-type problems at periodic

configuration reviews.

Letter, William C. Schneider to Leland F. Belew, MSFC, Robert F. Thompson, MSC,

and Thomas W. Morgan, KSC, "AAP Software Board," 2 May 1969.

In response to a NASA Hq query regarding computer selection for the OWS 2

attitude control system, MSFC responded that several factors influenced the

decision to select an analog rather than a digital system. According to a thorough

technical and cost evaluation tradeoff study, the analog computer would save

half a million dollars, while providing required redundancy with less system

complexity. In addition, there was an associated weight and power saving of

27 kg and 160 W.

Letter, Leland F. Belew, MSFC, to William C. Schneider, NASA Hq, "Workshop

Attitude Control System (WACS) Control Computer Selection and Electronici Loca-

tion," 2 May 1969.

A payload integration management meeting was held at Martin Marietta, Den- 13

ver, with represen,atives from NASA Hq, MSFC, and MSC. Emphasis of the

meeting was on Martin Marietta resources to continue the AAP, management of

assigned tasks, and impact of the Viking Project, if Martin Marietta were selected O_IG_¢II_ _t_ _
159 O$' t,,m
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1969 for it. A continuing review process had been employed by ]_.*_tin Marietta to
correlate tasks assigned by MSC, MSFC, and Headquarters and to eliminateMay
redundancy and nonproductive effort.

"Weekly Progress and Problem Summary for the Adrainistrator--Apollo Applications
* Program," 16 May 1969.

is In reviewing the last three years of AAP--its changing objectives, late decisions,
experiment priority shifts--and in looking forward to the uncertainties of NASA
space flight after AAP, MSFC officials found it difficult to visualize that the
Office of Manned :ipacc Flight and the manned space flight Centers would be
able to carry out a program defined for an integrated OWS/ATM in 1972. A
major difficulty would be in keeping AAP from being continually impacted as
the leading edge of space station activity.

Letter, Leland F. Belew, MSFC, to William C. Schneider, NASA Hq, "Impact Assess-
ment to AAP Core Program Due to OMSF Propos_xl Saturn V Dry Launched Self
Dependent Workshop with an Integrated ATM," 15 May 1969.

a0 A payload shroud prcliminary design review was held at MSFG. Representatives
from NASA Hq, MSC, KSC, MSFG, Grumman, McDonnell Douglas, Martin
Marietta and Bdlcomm, Inc., attended. Are,xsthat received the most discussion
included access doors and platforms for on-pad servicing and checkout, acoustic
criteria-requirements and tests, and the functional subs)_temsinterfacing with the
payloads.

"Apollo Applications Test Weekly Highlights Report," 28 May 1969; MSFC, "Weekly
Activity Report," 22 May 1969.

21 MSC Director Robert R. Gilruth establisheda Space Station Task Group, headed
by Rene A. Berghmd, to ove_ee the Center's various studies (both in house and
under contract) ,_sociated with the ph,xseB definition of a space station. These
studies were predicated upon a succe_ful AAP which w_ essential for datx in a
number of areas of direct implication for more elaborate sp_.ce stations: the
physiological effects of weightle_negs for extended periods of time; demonstrated
performance capabilities of the crewmen aboard the station; data on the long.
term habitability of the station; flight qttalification of many new hardware
components (e.g., large .solararr;lys, control moment gyrtx_,and molecular sieves);
and broad experience in logistical and orbital operations in general, including
crew transfers and resupply of _ientific equipment and consumables.

MSC Announcement 6967, "E,stablishment of Space gtation Task Group/' 21 May
1969.

21 At the Manned Space Flight Management Council meeting held at MSC, Asso-
ciate Administrator George E. Mueller _)unded out the Center Directors and
AAP officials regarding program options facing AAP and the direction that the
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PART 11: APOLLO APPLICATIONS PROGRAM

program should take. These options, discussed at length during the meeting, 1969
derived primarily from the choice of a Saturn IB "wet" Workshop versus a

May

Saturn V "dry" Workshop (with several possible approaches for ATM and CSM
operation).

On 23 May, MSFC Director Wernher yon Braun responded at length to
Mueller's request for recommendations from the field. Foremost, yon Braun
stated, AAP's basic objectives (long-duration manned space flight and solar
observations) could be achieved within present resources and schedules (though
it would require some "hard-nosed scrubbing down" nf current methods). Of

the several possible program options, the MSFC Director voted for the Saturn V-
launched "dry" Workshop. His recommendation derived from several factors.
A principal one was NASA's astonishing record of success with the basic Saturn V
launch vehicle. Also, several important benefits derived from launching the
Workshop in a fully equipped configuration rather than using the Saturn IB's
second stage:

• Because of greater weight carrying ability many experiments could be
carried that heretofore had been too heavy to be included,

• Great improvement could be made in the habitability of the Workshop.
• Some expendables could be offloaded from the proposed AAP-4 flight,

thus ensuring that the minion would remain within the Saturn IB's payload
capability.

• Redundancy and spare components would enhance overall mission success
and reliability.

• The dry-launched Workshop allowed installation and checkout of all
Workshop equipment on the ground prior to lanuch, as well as eliminating the
complications of forcing the S-IVB stage to serve ,asa propulsive stage as well as
space laboratory.

In short, yon Braun told Mueller, the Saturn V-launched Workshop offered "real
and solid" advantages without any attendant program perturbations. Such a
move he called an "organic and logical step for gaining experience" in long-
duration flight and said it would "allow us to qualify subsystems for the full-
fledged space station/space base."

Three days later, MSC Director Robert R. Gilruth responded to Mueller and

voiced almost the same ideas. Gilruth, too, recommended that AAP adopt the
Saturn V Workshop concept, which was essentially the Saturn IB model launched
aboard the first two stages of the Saturn V. Thus, AAP would enjoy the luxury
of a "ready-for-use" vehicle of a much improved configaration. This latter
concept pointed to achievement of AAP's basic objectives which remained un-
changed: 56-day minions, .solar astronomy, and--an implied AAP objective--
early space flights at minimum cost looking ahead toward NASA's getting an
early go-ahead on the space station and the space shuttle programs during the
latter half of the 1970s.
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1969 Letters, Wernher yon Braun to George E. Mueller, 23 May 1969; Robert R. Gilruth _:
to George E. Mueller, 26 May 1969; J. M. West, MSC, to Robert R. Gilruth, "Ex-

May tended AAP Flight Program," 25 April 1969; Maxime A. Faget, MSC, to Robert R• ..'
Gilruth, "A Study of Apollo Applications Program Using Saturn V Launch Vehicles,"
23 April 1969.

2= AAP baseline configuration review was held at NASA Hq. MSC and MSFC _

presented a status report on weight of flight modules, measurement lists by i
modules, plans for controlling the lists, and criteria for measurement selection. 'i
KSC gave a report on the status of LC 34/37 equipment and facilities and plans

for getting them ready for AAP. MSFC presented the status of a joint MSC/ i
MSFC study of stowage on AAP-2, a status report on the caution and warning !

system, and the current plan for LM/ATM extravehicular activity film exchange. *i

MSC reviewed plans for the development of mission operations documentation i
and presented the results of a joint MSFC/MSC study on the use of the CSM
to rescue a malfunctioned LM/ATM.

Letter, William C. Schneider, NASA Hq, to AAP Program Managers, MSFC, MSC,
and KSC, "Minutes of AAP Baseline Configuration Review," 22 May 1969.

22-23 KSC hosted a meeting of the A_APPrincipal Investigators to familiarize: them
with KSC facilities and equipment. Items covered included experiment time-
lining, ATM test and checkout, KSC AAP-4 vehicle flow plans, and quick-look
data systems.

NASA, "Manned Space Flight Weekly Report," 2 June 1969; "Apollo Applications
Test Weekly Highlights Report," 28 May 1969.

as An OWS project management meeting was held at Huntington Beach. Repre-
sentatives from MSFC, MSC, NASA Hq, and McDonnell Douglas attended.

A summary of McDonnell Douglas' program status was presented, and immediate
program problems were discussed. Some of these problems were interface doe- :!
uments, preliminary design review requirements, MDA w*Jght and volume
requirements, meteoroid shield icing, instrumentation, trajectory requirements,
ventilation and thermal control, mission support, and engineering mockup fiddity.

"Apollo Applications Test Weekly Highlights Report," 28 May 1969; NASA, "Manned
Space Flight Weekly Report." 2 June 1969• ' ,,;

26 North American Rockwell briefed MSC on recommended service module reaction _|
control systemmodifications to reduce systemco::ts. The mo_t significant of these
changes was a recommendation to reduce the number of propellant modult:s from i
six to three as a means of cutting down the number of components in the reaction
control system, the manufacturing and checkout time, and the complexity of the
system.

NASA, "Manned Space Flight Report," 26 May 1969; "Weekly Progress and Problem
Summary Report for the Administrator_Apollo Applications Program," 2B May 1969.
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A spacecraft fire hazards meeting was held at MSC. Representatives attended 1969

from Lewis Research Center, NASA Hq, Electronics Research Center, MSFC, M.y
KSC, MSC, and the Air Force Manned Orbiting Laboratory Safety Office. Fire

hazard detection techniques and systems suitable for development for use on 27

spacecraft were discussed. Heat-sensitive, sniffer, radiation, radio-frequency,

mass-spectrometer, and pressure-rise detector methods were discussed.

Letter, P. T. Hacker, Lewis Research Center to Dist., "Minutes of May 27, 1969

meeting," 23 June 1969.

The critical design review of the ATM control computer was held at MSFC. All ,Ion.

submodules of the flight module control computer, with one exception, were lo
reported as designed. An engineering model control computer was available for
examination at the review.

"Weekly Progress and Problem Summary for the Administrator--Apollo Applications
Program," 12 June 1969; "Apollo Applications Test Weekly Highlights Report," 11

June 1969; NASA, "Manned Space Flight Weekly Report," 16 June 1969.

The DOD announced cancellation of its MOL Program. The program was Io-23
initiated in 1965 to advance the development of both manned and unmanned

defense-oriented space equipment and to ascertain the full extent of man's utility
in space for defense purposes. Following MOL termination, NASA requested

that the MOL food and diet contract with Whirlpool Corporation and the space
suit development contract with Hamilton Standard Division, United Aircraft

Corporation, be transferred to NASA.

DOD Release 491-69, I0 June 1969: TWXs, J. W. Seheer, NASA Hq, to Robert R.

Gilruth, MSC, 10 June 1969; William C. Schneider, NASA Hq, t. Robert F. Thomp-

son, MSC, 10 June 1969; Robert F. Thompsnn tn William C. Schneider, 23 June

1969; George E. Mueller, NASA II% to James T. Stewart, USAF, 23 June 1969;

letters, Robert F. Thompsnn to Dist., "MSC Involvement in USAF's MOL Program

Phaseout," 11 June 1969; G. J. Veechietti to all Center Procurement Officers, "'rermi-

nation of MOL Contract by USAF," 1 July 1969; Rnbert F. Thompson to William C.

Schneider, "Termination of USAF MOL Program," 2 July 1969.

KSC was examining alternate methods of nitrogen purging on LC-34 and LC-37 11

in order to reduce costs of line leakage during standby. Among alternatives being
studied were using dry air for purging lines since dry air could be used for purging

the payload shroud; starting up the nitrogen conve,'ter compressor facility rather

than purchasing gaseous nitrogen from suppliers; or tapping into the supply of

gaseous nitrogen being supplied through pipeline in bulk form at low cost to

Launch Complex 39.

"Apollo Applicatinns Test Weekly Highlights Report," 11 June 1969; "Weekiy Prog-
ress and Problem Summary Report," 12 June 1969.

North American Rockwell was directed to effect a three-month delay in the AAP l e

CSM critical design review and in the deiivery of flight spacecraft. The delay

was authorized in anticipation of pending AAP modifications.

163

t

., iii ,,, , | i • i -J

1978008581-176



SKYLAB: A CHRONOLOGY

] 969 TWXs, Robert F. Thompson, MSC, to William C. Schneider, NASA Hq, Leland F.

Belew, MSFC, and Thomas W. Morgan, KSC, "AAP Core Program Flight Schedule,"

June 19 June 1969; H. E. Gaatrcll, MSC, to L. M. Tinnan and R. K. Swim, (North Ameri-

': can Rockwell), 18 June 1969.

20 NASA Hq informed MSC that it was of immediate importance in planning
future manned space flight programs to understand the extent to which a

common CSM configuration could be used to satisfy the requirements for lunar

exploration, ,aswell HaSfor the AAP in conjunction with the Saturn V Workshop
and earl), support of the space stations. It was Headquarters' desire that a
common CSM be evolved that could serve the purposes. Some compromise in
performance might be necessary for one or the other of these uses, but the
advantages of producing only one set of modifications should be great. MSC was
requested to institute a feasibility study by the Apollo Space Program Omcc and
Apollo Applications Program Office personnel, using North American personnel
as appropriate. Headquarters asked an initial appraisal of the concept by tele-
phone 23 June, and results of a more thorough assessment by 7 July.

TWX, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSC, "CSM Conllgu-

ration lot Lunar Exploration and AAP," 20 June 1969.

2a In response to a TWX from NASA Hq (see 20 June entry) Kenneth S. Klein-
kl,echt and Robert F. Thompson of MSC talked to John H. Disher (NASA Hq)
at the suggestion of Apollo Spacecraft Program Manager George M. Low. Also
listening to the conversation were Robert V. Battey and Harold E. GartreU of
MSC. (Low had suggested the call be made to William C. Schneider of NASA
Hq, but he was not available.)

Kleinknecht reiterated to Disher that from the beginning of both the AAP and
the Apollo Lunar Exploration Mission (ALEM) consideratiov had always been
given to maintaining the maximum degree of commonality between the basic
CSM and those required for both programs without creating severe constraints on
the objectives of either mission.

Kleinknecht pointed out different requirements"of the program and how they
clearly indicated some major configuration differences between AAP and ALEM:

• Long duration of the AAP mission.
• Backup reaction control system deorbit capability of AAP.
• Thermal characteristics of AAP missions because of long attitude holds.
• Use of batteries in lieu of fuel cells in the CSM (if the S_" rn V Workshop

became a reality the CSM would be quiescent for long periods of time).

Kleinknecht added that "inasmuch as ALEM is still required to do lunar-landing
missions as well as collect orbital scientific data, we cannot tolerate any weight
penalties that may be associated with scar weights [weights incurred by using a
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PART If: APOLLO APPLICATIONS PROGRAM

common CSM for multipie missions with modification kits used _'e'ach mission, 1969

and consequent weight in the basic CSM not usable for all missions] resulting au,.
from commonality with the AAP vehicle .... " He also recognized that there

would be more commonality between the AAP and ALEM should the Workshop

become official because expendables could then be supplied to the CSM from the

Workshop rather than carried in the CSM. He added that about three and one-

half months had been spent in studying and defining the ALEM CSM, and a

major change to provide commonality with the AAP CSM would result in that

time being lost and at least three and one-half months delay in the launch readi-
ness of the first ALEM mission.

Kleinknecht concluded that MSC agreed in principle with Headquarters in pro-

dding as much commonality as possible, but recommended that the 20 June

TWX from Headquarters be rescinded and that MSC not pursue a commonality

study with North American.

Four days later, MSC received another TWX from George E. Mueller (NASA

Hq) saying, "... it is our understanding that vou will continue your in-house

evaluation of the differences in requirements and the impact of these differences

on the configuration of CSM's to support lunar exploration, AAP Saturn V
Workshop, and early space station missions. This further assessment should be

available [or discussion by July 7 and will likely be presented to the Management

Council in executive session on July 8 or 9."

Memorandum, Kenneth S. Kleinknecht to Manager, Apollo Spacecraft Program,

"CSM configuration for lunar exploration and AAP," 23 June 1969; TWX, George E.

Mueller, NASA Hq, to Robert R. Gilruth, MSC, "Ref: My June 20, 1969 TWX to

You Re. CSM Configuration for Lunar Exploration and AAP," 27 June 1969.

A study was conducted to determine the feasibility of providing an artificial au,y
gravity operating mode for a second G vVS. Study results indicated there were 1

several areas of the OWS that would require unique configuration characteristics.

Among the areas of concern were antenna location and coverage; CSM/MDA

docking interface strength; reaction control system characteristics, propellant con-

sumption, and attitude control logic to maintain solar orientation in the face of

gravity gradient torques; ATM mounting and deployment provisions; and the

ArM solar array structure.

Letters, William C. Schneider, NASA Hq, to Deputy Associate Administrator for

Manned Space Flight, "Artificial Gravity Using a Second Dry Workshop," 1 July

1969; William C. Schneider to Robert F. Thompson, MSC, "Artificial Gravity Ex-

periment in AAP," 22 August 1969.

A preliminary requirements review for an experiment support system was held at 1

MSC. The system was being developed by MSFC for MSC. It was designed to

provide fluids, electrical, and instrumentation support to a number of AAP bio-

medical experiments.
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1969 "Apollo Applications Test Weekly Highlights Report," 2 Jaly 1969; "Weekly Progress
and Problem Summary for the Administrator--Apollo Applications Program," 3 July

July 1969.

s-9 The results of a dry OWS study effort performed by KSC, MSFC, MSC, and

major AAP contractors were presented to the Manned Space Flight Management
Council. The basic dry OWS configuration and associated cost and schedule esti-
mates resulting from the study were discussed and approved. The AAP Director
then presented the proposal to the NASA Administrator. (See 18 July entry.)

"Weekly Progress and Problem Summary for the Administrator--Apollo Applications
Program," 11 July 1969.

9 A meeting was held at MSC to discuss a teleprinter system on '.:heAM. MSFC

presented a systemthat would be compatible with the Manned Space Flight Net-
work and would utilize the digital command system. MSC presented a system
that would utilize the CSM voice link, tying into the onboard audio system and
not having to go through the enviroamental control system to get input data to
the teleprinter. An evaluation of both systems would be made prior to making a
final recommendationon a teleprintersystemfor the AM.

MSFC, "Weekly Activity Report," 29 July 1969.

11 MSC terminated the development of the A9L space suit. The AL7 space suit,
used in the Apollo program, would continue in use until replaced by a flight-
qualified, constant-volume suit. During the Mercury program a modified version
of the Goodrich Navy Mark IV suit was used. In the Gemini program a modified
version of a suit developed by David Clark Company for the USAF was used.
Hamilton Standard had overall development responsibilityfor the Apollo suit and
associated portable life support system. A subcontract was awarded to Interna-
tional Latex Corporation for development of this suit. After suit development
was completed, the production contract was awarded to International Latex, and
the initial suit was designated A5L. The A6L design incorporated a thermal/
meteoroid garment. Following the Apollo fire, the suit was redesignedto elimi-
nate flammable materials and was designated A7L (designation ASL was never
used). Two hard-shell, constant-volume suits were under development, an extra-
vehicular suit was being developed by Litton Industries, and an intravehicular
suit was being developed by AiResearch Corporation. Both of the latter would be

used in the Apollo Applications Program.

"Weekly Trogress and Problem Summary Report for the Administrator--Apollo Appli-
cations Pr,,gram," 11 July 1969; letters, John H. Disher, NASA Hq, to Director
Apollo Applications Program, "Synopsis of Space Suit Development for Manned

Space Flight," 21 March 1969; William C. Schneider, NASA Hq, to Associate Ad-
ministrator for Manned Space Flight, "MOL Suit Development Control," 11 July
1969.

is A number o_organizations were studying the po._ibility of zero-g showers for use

in manned space flight. In a letter J. Hall (LaRC), C. C. Johnson (MSC) relatc.i
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the following: 1969 i

July
"MSC has some excellent films of Jack Slight showering in the KC-135 at zero-
gravity. :

"The motion pictures of Jack showering are quite revealing--not of Jack, of the
action of water at zero-gravity .... The interesting point is that the water strikes

" Jack, bounces off in droplets, but then recollects as jelly-like globs on various
parts of his body. He can brush the water away but it will soon reattach
elsewhere."

Letter, C. C. Johnson, MSC, to J. Hall, LaRC, "Zero-gravity showers," 15 July 1969.

Apollo 11 was hunched from Pad A, Launch Complex 39, KSC, with astronauts I_=4
Neii A. Armstrong, Michael Collins, and Edwin E. Aldrin, Jr., aboard. The
flight went according to plan, and the spacecraft and lunar module entered lunar

orbit three days later. On 20 July, at 1:11 p.m. EDT, Armstrong and Aldrin
separated the LM from the CSM and began descent to the lunar surface, landing
safely in the Sea of Tranquility at 4:18 p.m. They stepped onto the lunar surface
later that day, becoming the first men ever to achieve this goal. Then followed
several EVAs, during which they collected samples, planted an American flag,
_nd gained the first experience of man's ability to perform duties in the one-sixth
gravity conditions. They lifted off from the Moon in the ascent stage of the LM
21 July, rendezvoused and docked with the CSM, transferred their cargo to thr
CSM, and started their homeward journey shortly after midnight 22 July, land-
ing safely in the Pacific Ocean 24 July.

Apollo l I Missior_ Report, MSC 00171, November 1969.

NASA Administrator Thomas O. Paine approved the shift from a "wet" to a la
"dry" Orbital Workshop concept for AAP following a review presentation by pro-
gramofficialson the potentialbenefitsof such a change. On 22 July, AAP Direc-
tor William C. Schneider ordered progr:,m managers at the three Centers to
implement the cttange, abandoning the idea of using a spent Saturn IB second
stage for a Workshop and adopting the concept of a fully equipped "dry" con-
figuration--with the ATM integrated into the total payload--launched aboard a
Saturn V. Schneider t,rdered the Centers to reorient their respective programs,
both in houseand under coutr,_ct, as necessary, to accommodate the new program
plan. Among the actions required were

• Termination of the letter contract with Grumman, since the LM would
no longer be required to house the ATM.

• Termination of North American's stop effortswith Allis-Chalmers Manu-
facturing Company for long-duration fuel cells and with Bendix Corporation for
the cryogenic tank systemeffort.

• Suspensionof negotiations with North American for modificatiom to the
CSM for AAP, and the requesting of a reproposal in light of the lessened de-
mands on the spacecraft to meet AAP'_ requirements.
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1969 • Redirection of contractual effort on the Workshop itself, as well as the
AM,

July
• Redirection of minor contracts and procurements as required, as well as

in-house efforts at the several Centers.

Several other elements of the program also changed a_ a result of the reorienta-

tion: AAP changed from five _o four launches, since a separate launc]_ vehicle

was not required to launch the ATM; Launch Complex 39 at KSC would be

required for AAP, although Complex 37 would not be needed. Althou_t, hose

changes left basic program objectives unchanged, a secondary objective of an ,m-
manned rendezvous between the LM/ATM and the cluster wz _. eliminated.

Finally, the launch date for the first AAP flight was slipped from Nox .:,ber 1971

to July 1972.

Letters, George E. Mueller, NASA Hq, to 1_ .,ert R. Gilruth, M']C, 28 July 1969;

William C. Schvz!Jz_- to MS(3, Attn: Manager, AAP, "AAP PAD Change Request,"

29 July 1969, ...ith a'tachm_'at, "PAD Change Request/Authorization," 17 July 1969;

William C. Schneider to AssoUate Administrator for Manned Space Flight, "AAP

Contract Etatus Pending Saturn _' Workshop Decision," 8 July i969; TWXs, William

(3. Schneider to Leland F. Bele_% MSFC, Robert F. Thompson, MSC, and Thomas W.

Morgan, KSC, "Re.Orientation of AAP to Eaturn V-Dry Workshop Integrated ATM
Configurati,_n," 22 July 1969; Robert F. Thompson to William (3. Schneider, 24 July

1969; "Weekly Progress and Problem Summary for the Administrator--Apollo Appli-

cations Program/' 31 July 1969; MSF(3, "Weekly Activity Report," 29 July 1969.

l e A meeting at MSC with personnel from NASA Hq, MSC, and North American
Rockwell resulted in an agreement that North American would present for a joint

review by the Apollo and AAP offices its concept of a common approach for the

AAP and ALEM and CSMs. The meeting was scheduled ior 6 August 1969.

The meeting generated much discussion on definition of "cor,amon CSM," and

the following summarizes the general conclusions or represents added guidelines

arrived at following the meeting. (1) The real objective of achieving i-:creased
commonality in CSMs was to find a means of reducing the cost of nrocurement-

m_dified spacecraft fGr both ALEM and AAP. In pursuing this objective, it was
agreed the state of completion of the spacecraft involved and the design status tor

modifications must be carefully consi&red (2) It was cle._r that in those areas

where the two programs had identical requirements, and schedule considerations

permitted, such requtrements should he sat,,_fied by common design. Where re-

quirements were not identical, but were not conflicting, the d=sirability of com-

monality would oe determined on a c;tse-by-case cost and schedule analysis. (3)

When reouirements were conflicting, it should ne determined ;f comproraises

could be achieved to red-:ore the conflicts and permit consideratiov of a common

approach.

Those attending the meeting included William E. Stoney and Philip E. Culi_ert-

_n of NASA Hq, Wesley L. Hjotnevik, Robert F. "Iho..apson, and Kenneth S.
Kleinknecht of MSC, and Dale D, M_crs of North American.

Men,orandum, Johr, q. Disher and William E. Stoney, NASA Hq, to Sanmel C. 'hil-
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hps and William C. Schneider, NASA Hq, "Common CSM meeting at MSC, July i8, 1969

1959," 28 July 1969.

July ":

NASA formally announced the AAP pr,ject reorientation to the "dr)," Workshop 22

configuration--both the full), outfitted Workshop and integrated ATM launched

aboard a single Saturn V (:_ee 18 July). Program objectives for A.AP remained
unchanged, however. The schedule called for first hmnch in 1972. The Wo.-k-

shop would be placed in a circular orbit first. About a day later, the three-man

crew would ride aboard a Saturn IB into orbit to link up with the Workshop-

ATM cluster, thus beginning the manned portion of the minion.

NASA News Release 69-10,5, "AAP Orbital Worl;shop," 22 July 1969.

J

NASA announced selection of two aerospace firms--McDonnell Douglas and 23 _

: North American--to conduct phi_ B plannin_ .;tudies of 12-man crbiting space _ i
stations that could be developed by the mid-1970s. The parallel 1l-taunt b pro-

gram definition studies we, e a prelude to even larger semipermanent space bases _ i
during the later 1970s and 1980s. ! :

NASA NewsRelease69-108, 23July 1969.

A critical design review was held on the two H-Alpha telescopes being provided _q-3t

tc," the ATM by Perkin-EImcr Corporation. R.eprescntatives from NASA Hq,
KSC, MSC, MSFC, Harvard College Obserwltory, and Naval Research Labora-

tory attetlded. Except for the mechanical reticle subsystem, a requirement recendy

added to the telezcope system, the Perkin-Elmer design appeared sotmd. Only
minor 0;_crepancies were noted.

"Weekly Progress and Problem Summary for the Admir:_trator--Apollo Appllcadons

Program," 11 August 1969; NASA, "Manned Space Flight Weekly Report," II

August 1969.

MSFC was studying three options for the ATM pointing control system dry OWS 30

attitude control. Option one was basically the same ATM pointing control sys-

tem as previously configured, with an additional digital computer; option two

w,xs an ,all-digital"" computer system; and option three was primarily digitM, but

retained portions of the analog computer for ATM experiment pointing control.

"Apollo Applications Test Weekly Highlights Report," 30 July 1969.

Acting ota an offer made by the Defense Department to assign a number of astro- Augo,)

nauts from the defunct MOL project to NASA, Associate Administrator for 4

Manned Space Flight George E. Mueller chose seven astronauts to augment

MSC's flight crews. The)' were Karol J. Bobko, Charles O. l'ullerton, Henry W.
Hartsfield, and Donald H. Peterson (USAF); Richard H. Truly and l_obert L.

Crippin (USN!; and Robert F. Overmyer (USMC). The decision to utilize these

individuals, Muellcr stated, derived from tbeir extensive training and experience

on the MOL project and the important national aspect of future manned space 0RIGIN/klJ _AGE l_!

flight programs. 0]P POOR, QU_
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1969 la'tters, George E. Mueller, NASA Hq, to Robert R. Gilruth, MS{2, 4 August 1969;
Robert R. Gilruth to Amil Rusk, NASA |-lq, "Military detail of seven MOL astro-

Aullust nauts to tim _ltatil|cd Spacecraft {:enter," 22 August 1969.

s F_llowing the decision to implement the Saturn V dry, Workshop, LM-2 was the

only flight LM article to remain on Earth. Therefore, NASA Hq requested MSC

consideration for early disposition of it to the Smithmnian Institution as an arti-

fact of historical interest. Si,ce it was exFected that the Smithsonian would ex-

hibit LM-2 as a replica of LM--5, Headquarters also requited that MSC

consider refurbishment to provide a more accurate r,'oresentation of the LM-5

configuration before its transfer to the Smithsonian.

TWX, S. C. Phii!:_s, NASA Hq, to MSC, "LM-2 Disposition," 5 August 1969.

e-at A neutral buoyancy chamber exercise for the ATM was conducted at MSFC.

The purpose was to exatnine some extravehicular activity concepts under develop-

ment to determine theft vMiditv for incorporation into the dry OWS configu-
ration. Crewmen were _mewhat constrained and uncomfortable because, while

the suits were neutrally buoyant, crewmen inside the suits were not. The neutral

buoyancy exercise w.xs ;ollowed by an ATM extravehicular activity crew station

engineering review. It consisted of a suited and unsuited walk through evaluation

of the ATM film replacement work stations. Several modifications were
recommended.

Memorandmn, T. C. Winter, Jr., Naval Research Laboratory, to Dist., "EVA Review

at MSFC on 20 21 August 1969,'" 21 August 196_; "Weekly Progress and Problem

,.qummary for the Adn'tinistrator---Apollo Applications Program," 1-1 August 1969 and
29 August 1969.

r MSFC awarded a contract to Martin Marietta for the fabrication, testing, and

_elivcry of i5 Saturn VOWS rate gyro processors, a module test set, and the

retrofit of 22 ATM rate gvro proce_,s-r_. The rate gyro packages would fly on

the OWS and would provide precise attitude control of the OWS cluster, includ-
ing the A'YM.

MSFG News Release 69-173, 7 August 1969.

7 A meetine at NASA Hq briefed George 1". Mueller, A_ociate Administrator for

Manned Space Flight, on problems connec:ed with Apollo/Apollo Lunar Ex-

ploration Mi._ion/AAP. Attending tht: meeting were J. Bates, W. B. Bergen,

R. E. Carroll, E. R. Gro._, G. W. lefts, I), I). Myers, and L. M. Tinmm, all of

North American; P. l'. Cttlhertstm, J. H. Disher, A. J. l'vans, C. C. Gay, Jr.,

G. H. Hage, J. W, Hughes, G. E. Mueller, S. C. Phillips, J. F. Saunders, Jr., M.

Savage, W. C. Schneider, and J. B. Skaggs', all of NASA Hq; and H. W. Dotts,

H. E. Gartrell, R. C. Hood, K. S. Klcinknecht, J. C. Shows, R. F. Thompson,
and H. P. Yschek, all of MS(:.
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In a memorandum for record, Kleinknecht outlined the activities of tbe meeting. 1969

The first two parts of the briefing covering North American manpower projec- August
tions for AAP and joint use of test vehicles and mockups showed there would be

a substantial reductk,n in required resources because of the decision to change

from the AAP wet Workshop to the dry Workshop. They had, in fact, reduced

their manFower by 4430by 8 August 1969, based on a July 1972 launch readiness
for the first AAP mission.

Kleinknecht noted a personal concern with respect to the 3_AP/ALEM schedules,

saying that AAP schedules were fluid and were being established before full defi-

nition of either the Workshop or the CSM. He said it was his understanding that

NASA was committed to a July 1972 AAP launch, but there was no contingency

in the schedule for problems or changes. "Experience has indicated," he said,

"that, with such an approach, schedules cannot be met."!.

: The remaining parts r,f the briefing covered the subjects of AAP/ALEM com-

monMity, CSM status and earliest effectivity of common configuration, and re-

: furbishment of the command module for future reflight. Kleinknecht said these

subjects were very much related and the advisability of such an approach was

: questionable from both economical and technical considerations. Kleinknecht
added that Mueller's line of questioning made it apparent that he was extremely

interested in the basic approach of providing a common Apollo spacecraft that

could be flown for either AAP or ALEM by incorporation of modification kits

which could be installed even after delivery.

Kleinknecht, in turn, presented MSC's position that when you consider common-

allty there were two areas of concern--economics and performance. Expanding

on this, he said: "... we should consider the current design and manufacturing
status . . . what are the economical tradeoffs of delaying the spacecraft now for

unnecessary modifications versus providing commonality, with some later effectiv-

ity; and from the performance standpoint, what is the impact of commonality

weight on the service propulsion system propellant budget and its effect on getdng

to some of the proposed lunar-exploration sites."

Mueller also emphasized his interest in refurbishing and retying as many as seven

command modules in support of the integrated plan. Kleinknecht again inter-

jected the concern of MSC with the technical aspects of refurbishment and re-
flight from the standpoint of structural degradation as a result of saltwater
corrosion.

Memorandum for record, Kenneth $. Kleinknecht, "Meeting with Dr. G. E. MueUer on
August 7, 1969, to discuss Apo|Io/ALEM/AAP ¢ommonality_" 26 August 1969.

MSFC definitized the existing contract with McDonnell Douglas for two Orbital I

Workshops for the Apollo Applications Program, converted S-IVB stages to be

launched by Saturn V boosters. The contract was slated to ruo. through July
L
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1969 1972, with most of the work to be perf()rmed at the comparty's plant at Hunting-

ton Beach, California. The first Workshop was tentatively scheduled for flight inAugust
mid-1972, with tile second article initially serving as a backup vehicle if needed.

MSFC Contracts o.qice, "Mod 9 to Contract NAS 9- 6555," 8 August 1969.

12 A CSM technical management meeting was held at MSC. A status briefing was

given by North American Rockwell on the environmental control electric power

profile, telecommunications, and the service module reaction control system.

MSFC agreed to investigate tile t _)nccpt of a thertqal barrier between the CSM

and the MDA located inside the MDA docking port. "l'hc barrier would isolate

the CSM from the OWS atmosphere, thereby reducing condensation and heater

power in the CSM.

"Apollo Applications Test Weekly Highlights Report," 20 August 1969; "Weekly

Progress and Prohlem Summary Report for the Administrator--Apollo Applications

Prograttt," 95 August 1969: MSFC, "Weekly Activity Report," 22 August 1969.

13 :'unctional and environmental development tc_ts were performed on the ATM

H-Alpha telescope zoom lens, temperature control, and optical subsystems. Tilt.

zoom lens subsystenl faih:d during vaftlUm testing and was being reworked. At a

later date, the camera electronics subsystem would be subjected to temperature
tests, and the mechanical reticle stlbsvsteni to thcrma_,-vacuum and vibration tests.

"Apollo Applications Tcst Weekly llighllghts Report," 13 August 1969.

)a NASA Hq revised AAP delivery and launch schedules, furthcr ahering the pro-

gram in light of lx)th changing resources and fiscal climate, :ts well as a maturing
of program phms per se. The new schedule called for seven Saturn IB and two

Saturn V launchc_, with flight of the iirst Workshop slated f(.r July 1(.}72.

NASA lhl Schedule, 13 August 1969: AAP Directly.' No..IA, "Apollo Applications

Pt't)gt.'alt| Work Attth.rization,'" 19 August 1969, Ai)olh_ Al:,plicati(ms Program Specl-

ficatiolt, 15 August 1969.

14 A spacecraft fire hazards meeting was held at the ]'lectronics Research Center,

Massachusetts. A demonstration was given by General l:,lectric Company of a

condensatiotl mwlei c(,unter and Iw Walter Kidde and Compan.v of a continuous-
wire fire detector. Prelimin:trv )'ecommendatit)ns of personnel attending the meet-

ing were that tl'e ('orttletls,ttio)l nuch'i ct)tmlcr I)e ctmsidcre(I as a b;tcktlp overheat

and fire detector for Sl)acecraft aml that the continuous-wire fire detector be con-

•":Jercd as :t primary t)verhcal ;tlttl fire tlttt, t'lit)n systel'n.

"Minmes t,f August I.I. 1969, F",t'etraft Fire llazards Stt'erillq Committee,"9 Sep-
tember 1969.

at Mcl')ouncll l')(mglas Ct)rporatitm, under c,mtr:wl to MSC, suhm[tted an cight-

wllume fired repurt on a "'Big G" study.
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1969 The study was performed to generate a preliminary definition of a logistic space-
craft derived from Gemini that would be used to resupply an orbiting space

August
station. Land-landing at a preselected site and refurbishment and reuse were de-
sign requirements. Two baseline spacecraft were defiJaed: a nine-man minimum
modification version of the Gemini B called Min-Mod Big G and a 12-man ad-

vanced concept, having the same exterior geometry but with new, state-of-the-art
subsystems, called Advanced Big G. Three launch vehicles--Saturn IB, Titan
IIIM, and S-IC/S-IVB--were investigated for use with the spacecraft. The
Saturn IB was d;ncarded late in the study.

The spacecraft consisted of a crew module designed by extending the Gemini B
exterior cone to a 419-cm-diameter heat shield and a cargo propulsion module.
Recovery of the crew module would be effected by means of a gliding parachute
(parawing). The parametric analyses and point design of the parawing were
accomplished by Northrop-Ventura Company under a subcontract, and the con-.
tents of their final report were incorporated into the document. The landing
attenuation of the spacecraft would be accomplished by a skid landing gear ex-
tended from the bottom of the crew module, allowing the crew to land in an up-
right position. The propulsion functions of transfer,rendezvous, attitude control,
and retrograde would be performed by a single liquid-propellant system, and
launch escape would be prcvided by a large Apollo-type escape tower.

In addition to the design analyses, operational support analyses and a program
development plan were prepared.

The summary report acknowledged the cooperation of NASA Centers and com-
panies that provided technical assistancedm mg the study. Principal contributors
were MSC, MSFC, KSC, AC Electronics Division of General Motors Corpora
rich, Bell Aerosystem_Company, Collins Radio Company, IBM's Federal Systems
Division, Kollsman Ivstrument Corporation, Ameccm Division of Litton Systems,
Inc., The Marquardt Corporation, Denver Division of Martin Marietta Corpo-
ration, Government Electronics Division of Motorola Corporation, Rocketdyne
Division of North American Rockwell Corporation, Space Craft, Inc., Science
and Technology Division of TKW Systems Group, and Hamilton Standard Sys-
tem Center of United Aircraft Corporation.

McDonnell Douglas Corp. Report H321, Big G Final Report, Logistic Spac¢cra]t

System Evolving from Gemini, Volume l--Condensed Summary, 21 August 1969.

22 With the AAP work at Grumman canceled, NASA Hq directed the transfer of
acceptance checkout equipment _tationnumber three from Grumman to MSFC.
MSC would update the Grumman station to the same general configuration as
KSC station number six, including documentation, and would make available to
MSFC peripheral equipment not available from Grumman.

Letter, George M. Low, MSC, to S. C. Phillips, NASA Hq, "Availabilit, L_fACE's/C
station and associated peripheral GSE for ATM," 5 August 1969: 'rwx, s. (3.

PI-,illips to MSC, MSFC, and KSC, 22 August 1969. i
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Discussions were held to determine the feasibility of achieving common command 1969

and service modules for use both in lunar exploration and for the OWS. The August
consensus was that the differences between the lunar and Earth orbital require-

ments were so significant that they precluded a completely common configuration. 26

TWXs, George E. Mueller, NASA Hq, to Robert R. Gilruth, George M. Low, and

Robert F. Thompson, MSC; William G. Schneider and S. C. Phillips, NASA Hq, to
George M. Low and Robert F. Thompson, MSC; memoranda, Kenneth S. Klein-

knccht to George M. Low, 23 June 1969; John H. Disher and W, E. Stoney, NASA

Hq, to William C. Schneider and S. C. Phillips, 28 July 1969; note, John H. Dither
to William C. Schneider, 24 June 1969; memorandum for record, Kenneth S. Klein-

knecht, 26 August 1969.

An OWS habitability support system preliminary design review was held at 27-2s
MSFC. Representati'_'es from NASA Hq, MSFC, KSC, MSC, and McDonnell

Douglas attended. The investigators, astronauts, and industrial design consultants

emphasized their desires for a more comfortable environment than would have

been possible in the wet Workshop configuration.

N/,SA, "Manned Space Flight Weekly Report," 8 September 1969; "Apollo App!ica-
lions Test Weekly Highl.ights Report," 3 September 1969.

A preliminary requirements review of the OWS CSM flight systems was held at 2T-2a

Downey. Discrepancies were discussed, and follow-up actions assigned. A num-

ber of technical requirements impacting the CSM were not adequately resolved

and would require extensive coordinated study between MSFC and MSC.

"Apollo Applications Test Weekly Highlights Report," 3 September 1969.

KSC officials and AAP managers recommended to the Manned Space Flight as

Management Council that the Saturn IB AAP launches take place from LC-37

rather than LC-34. They were incorporating the recommendation into the latest

program operating plan proposals. If the recommendation were accepted, LC--34

would be partially deactivated and placed in a "down-mode" condition.

Letter, Thomas W. Morgan, KSC_ to William C. Schneider, NASA Hq, 8 Aagmt
1969; TWX, Thomas W. Morgan to Robert F. Thompson, MSC, Leland F. Belew,

MSFC, W. "Ieir, MSFC, and William C. Schneider, "LC 34/37 Operations," 28
August 1969.

MSFC requested McDonnell Douglas and Martin Marietta to develop prelimi- 29

nary design and cost data on a number of OWS system elements that were pre-

viomly planned for in-house development, :'_mong these were fixed payload

shroud, oxygen, and nitrogen bottle installation; tholing of the ATM control and

display; deletion of the scientific airlock; design and fabrication of the solar array

system; installation of experiments; and M DA inte _, ation and checkout.

"Weekly Progress and Problem Summary for the Administrator---Apollo Applications
Program," 29 August 1969.
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1969 A meeting was held at MSFC that provided the ATM Principal Investigators an

SepPemb,r opportunity to express their desires regarding experiment operation during un-
manned periods of the ATM OWS mission. _AP pe_'onnei from NASA Hq,

3 MSC and MSFC, as well as ATM Principal Investigators, attended. The in-
vestigators felt sh'ongly that their early participation in program decisions that
affected experiments would permit a much more effective experiment program
without significant budget or schedule changes.

Letters, G Newkirk, Jr., High Altitude Observatory, to George E. Mueller, NASA
Hq, 25 July 1969; George E. Mueller to G. Newkirk, Jr., 28 August i969; unofficial
minute, of the September 3 ATM Principal Investigator's meeting, 10 September
1969.

4 The critical design re_'.'w on the ATM charger battery regulator module was
held with satisfactory results. Nun_erous tests on the module component_ were
conducted. An engineering prototype was undergoing thermal cycle, charge, and
discharge test.

MSFC, "Weekly Activity Report," 11 September 1969.

s Apollo documentation would be used as the initial baseline documentation for
AAP. As AAP progressed,supplements or addenda would be prepared to meet
AAP-p.'culiar requirements.

TWX, H. E. Gartrell, MSC, to G. W. Jeffs, North American, W. C. Schneider, NASA
Hq, et al., "Contract NA$ 9-9224, AAP Documentation," 5 September 1969.

s The objectives, constraints, and guidelines for a second OWS were stated in gen-
eral terms along the followirg lines:

• OWS would reflect the same physical features and capabilities exhibited
by the initial Workshop and would use the flight hardware to be procured ,q
backup for the f,rst Workshop missions.

• Crew complement would consist of three men (at least one scientist
astronaut).

* Operating life would be 12 to 24 months, nominally continum:slymanned.
, Orbital altitudewould be in the range of 390 to 500 km at an inclinaiion

up to 55°.
• Orientation would be inertially stabilized ,forsolar arrays in either a solar

or X-POP (the X-a:ds pe,pcndicular in orbital phme) mode and would permit
experiment pointing for solar, stellar, and Earth survey ob_lvations.

, Experiment development schedules would be consistent with an early FY
1974 launch of the OWS.

, Some period of time during the mission would be devoted to experimental
artificial gravity operations.

• Planning would utilize currcntl,v developed hardwar ' to the n aximum ex-
tent practical to reduce cost, and considerati_,nwould be given to approaches that
permit significant cost reductions in paylo_,ddevelopment.
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• Payload elements would emphasize the experimental facility approach (in ! 969

contrast to individual experiments) to the maximum extent possible. September
• FY 1970 and 1971 tunding requirements would be minimized consistent

with realistic resource requirements to meet an early FY 1974 launch date.

Letter, William C. Schneider, NASA Hq, to Managers, Apollo Applications Program

at MSFC, MSC, and KSC, "Preliminary Mission Definition and Program Planning for

the Second Saturn Workshop," 5 September 1969; memorandum, H. E. Gartrell,

MSC, to Dist., "Second Workshop Mission Planning Task Force," 26 September .969.

AM simulation test plans were reviewed by MSFC and McDonnell Douglas rep- lO
resentatives at MSFC. It wa_ agreed that MSivC would do minor hacdware

modifications and that McDonnell Douglas would deliver modification kits on

major changes to MSFC for installation. McDonnell Douglas would support the

various development tests as observers and would participate in the tests when

requested by MSFC. Close liaison would be maintained between MSFC and
McDouneU Douglas design engineers so that one-g, neutral-buoyancy and zero-g

trainers would reflect the current design configuration of the AM.

NASA, "Manned Space Flight Weekly Activity Report," 22 September 1969; MSFC,

"Weekly Activity Report," 22 September 1969.

An OWS test planning meeting was conducted at McDonaell Douglas with rer_- Iw-11

resentatives from MSFC, KSC, NASA Hq, and McDonnell Douglas. The dis-

cussion covered the tests to be conducted on all systems of the Workshop flight

item except the habitability support systems. A significant point in the general

plan was that experiment equipment would be delivered to McDonnell Douglas,

installed, and checked out, so that a completely integrated and checked out mod-

ule would be delivered to KSC. The checkout sequence would include inverting

the Workshop of the module to evaluate the crew quarters and experiment hard-

ware in a simulated orbital configuration, as well as a launch configuration.

"Apollo Applications Test Weekly Status Report," 19 September 1969.

Two major directions were identified for manned space flight in the next decade. 11
These were further exploration of the Moon, with possibly the establishment of a

lunar surface base, and the continued development of manned fligh_ in Earth or-

bit, leading to a permanent manned space station supported by a low-cost shuttle

system. To maintain direction, the following key milestones were proposed:

1972--AAP operations using a Saturn V launched Workshop

1973--Start of post.Apollo lunar exploration
1974--Start of suborbital flight tests of Earth to orbit shuttle

--Launch of a second Saturn V Workshop

1975--Initial spao' station operations ORIGINAL PAGE I_
--Orbital shuttle flights OF POOR QU_

1976mLunar orbit station

J77
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1969 mFull shuttle operations
1977--Nuclear stage flight testSeptember
1978mNuclear shuttle operations--orbit to orbit
1979--Space station in synchronous orbit

By 1990--Earth orbit space base
_Lunar surface base

--Possible Mars landing

Letter, George E. Mueller, NASA Hq, to Robert R. Gilruth, MSC, 11 September
1969.

16 The change in AAP from the wet to the dry OWS substantially improved the
probability of mission success 3nd crew safety. Some of the hardware and opera-
tional improvements contributing to crew safety were increased payload capabil-
ity, which would reduce risks from submarginal booster performance; launching
the ATM as an integral Fart of the OWS, thus eliminating an extra launch that
involved a complex and operationally difficult unmanned rendezvous and dock-
ing; standardizing the three manned launches, using proven software and training
techniques, thereby reducing some of the risks assocxatedwith new operational
phases and missions; and the powering down of the CSM to a quiescent state
during the orbital period of operation, w;th a consequent reduction in wearout or
limited-life failures.

Letter, William C. Schneider, NASA Hq, to Acting Director Manned Space Flight
Safety, "Semi-Annual Report on NASA Safety Efforts," 16 September 1969.

17 An ATM control moment gyro was subjected to thermal-vacuum, vibration, and
electromagnetic interference development environmental testing. Tests indicated
that, with p,'oper insulation, no major problems existed in the thermal-vacuum
area. However, with the extended requirementsfor the OWS, command moment
gyro actuator lifetime wa.sa concern. In addition to converting to a wt.t lubricant
system, Bendix Corporation and Battelle Memorial Institute, Columbus, Ohio,
were asked to study other steps that might be taken to ensure a 300-day lifetime
tbr the control moment gyro actua,ors.

"Weekly Progress _nd Program Summary Report for the Admini_tra* _r--Apollo Appli-
cati(ms Program," 22 September 1969; "Apollo Applieatk_ns Test Weekly Activity
Report," 22 September 1969; NASA, "Manned Space Flight Weekly Report," 2?
September 1969.

2a An AAP te_stplanning meeting was held at KSC. Representatives from KSC,
MSC, MSFC, and NASA Hq attended. Purpose of the meeting was to review
the status of factory acceptance test pl:tnning for all modules, the preliminary

C.$M interface test requiremer _at KSC, and the KSC planning pertinent to
conducting AAP integrated module tests. Open issues that would require resolu-
tion include(a flight experiment delivery dates, flight ATM control and display
availabi!ity for integration into the MDA and compatibility for integration in,c
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the MDA, and compatibility of flight and prototype ATM delivery dates to sup- 1969

port KSC checkout and integrated module test need dates. September

"Apollo Applications Test "Weekly Status Report," 25 September 1969; MSFC,

"Weekly Activity Report,' 23 S:ptember 1969; "Weekly Progress and Problem Sum-
mary for the Administrator--Apollo Applications Program," 1 October 1969; KS(2,

"Weekly Progress Report," 24 September 1969.

A technical management review of the ('SM caution and warning system was 23

conducted at MSC. Among the topics discussed were caution and warning pa-

rameters, the effect of providing memory and inhibit capability, and the cluster

interface. About 15 parameters _ould be monitored by the caution and warning

system, a significant decrease from previous estimates. It appeared that ground

monitoring would be adequate for the deleted parameters.

NASA, "Manned Space Flight Weekly Report," 29 September 1969; "Weekly Prog-

re_ and Problem Summary for the Adminlstrator--Apollo Applications Program,"
1 October 1969.

A preboard preliminary requirements review was conducted at MSC. Among tbe 2s

topics discussed were the following:

* MSC agreed to revise the loading requirements and send nearly all food
on the AAP-1 launch.

, Food loading time on AAP-2 was moved back from 7 day's before launch

to about 30 days before launch.

, Preconditioning temperatures for loading the food were relaxed.

° Some of the tolerances on food constituent accuracy and temperature con-
trols were relaxed.

"Weekly Progre°_ a,,d Problem Summary for the Administrator--Apollo Applications
Program," 3 October 1969.

An ad hoc group to fonnuiate plans for defining a second OWS met at MSFC. :_0

The agenda inchtded goals, constraints, guidelines, payloads, justification for the

mission, output, schedule, work plan, and responsibilities for the definition ac',;.vities.
Tradeoffs between mis,':_n content and brunch date, budget levels, and long-t,.rm

evolution of manned space flight were some of the issues discussed.

"Weekly Progressand Problem Summary for the Administrator-_Apollo Applications
Program," 3 October 1969 ..........

A meeting on the habitability support system and crew quarters layout was held ¢),tober

at McDonnell Douglas. Representatives front NASA liq, MSC, MSFC, and 5

Loewy and Snaith, Inc. attended. McI)om,ell Douglas proposed an active,

closed-loop cooling system to provide for food refrigeration, water chilling, and

urine freezing capability. The proposed system would require le._spower tiaan the

existinf system and would eliminate w,xste heat inputs to the Wo,kshop atmo_
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1969 phere. Agreenaent was reached on ways of improving crew comfort and con-

Octobe, venience; however, implementation would depend on the results of tradeoff
studies on cost, schedule, and technical factors.

NASA, "Manned Space Flight Weekly Report," 13 October 1969; "Weekly Progress
and Problem Summary for the Administrator--Apollo Applications Program," 13 Oc-
tober 1969.

6 Program responsibility for Saturn launch vehicles at the Headquarters level was
divided between the Apollo Program Office (APO) _::d AAP Office. Each office
aas responsible for ensuring that its actions with regard to common hardware
elements and facilities were compatible with the other program. To accomplish
this, APO would establish an individual as a point of contact on AAP-rdated
matters. In like manner, AAP would establish an individual as a point of contact

' for APO-related matters.

Memorandum of understanding between the Apollo and Apollo Applications Program

Offices on Saturn vehicle management interfaces, R. A. Petrone, APO, 6 October
1969, William C. Schneider, AAP, 13 October 1969.

7 MSFC signed a contract with General Electric Company for support work for
AAP. Under the terms of this agreement, General Electric agreed to provide
ground support equipment and launch systems for the ATM, MDA, and airlock,
as well as for the Saturn V Workshop itself.

Contract NAS 8-25150, 7 October 1969.

s For some time into the future, all personnel going into space, whether as crews or
passengers, would need a reasonable level of training for the environment. This
would include aircraft flying, zero-g, centrifuge, and altitude training. Depending
on final definition and mission of the space station, crews would consist of pilots,
flight engineers, technicians, and scientists. The last three categories would not
be trained as pilots. A reasonably stringent selection process wou:d still be re-
quired to ensure the compatibility of the crew.

Letter, Robert R. Giiruih, MSC, to George E. Mueiler, NASA Hq, 8 October 1969.

s A meeting was held at North American Rockwell to discuss the AM in connec-
tion with its atodiF.cation and installation in the OWS. Representatives from
MSFC, MSC, NAR, McOonnell Douglas, The Boeing Company, Brown Engi-
neering Company, and Ma-tin Marietta participated. Drawings, data, and an
AM were examined. The AM would require replacement of certain materials as
a fire preventive measure before use in the OWS.

Memorandum, W. K. Simmons, Jr., MSFC, to Leland F. Belew, MSFC, "Workshop
Project Weekly Notes," l0 October 1969.
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NASA Hq defined the requirements, responsibilities, inter-Center coordination, 1969

and review necessary for the development, revision, and checkout procedures October
applicable to AAP hardware at KSC.

10

AAP Directive No. 26, "Intercenter Responsibilities for Support and Preparation of

KS(3 Test and Checkout Plans and Procedures," 10 October 1969.

At a meeting with AAP officials in Washington, Associate Administrator for 14

Manned Space Flight George E. Mueller reviewed various habitability aspects of

the AAP dry-launched Workshop concept. Mueller repeatedly emphasized that

the fundamental goal of the AAP Workshop was to gain an understanding of

habitability conditions wherein men could live and work in space over long pe-

riods of time--factors that could subsequently be applied to the design of a space

station. The AAP Workshop, Mueller affirmed, should include a number of criti-
cal habitability devices, .so that the crews could evaluate various alternatives and

select the most desirable designs.

In line with this thinking, MueUer approved the "wardroom" concept for the

Workshop, a combined dining and recreational area for the crew. Also, he ap-

proved deletion of the Defense Department's sleeping compartment experiment to
allow more room inside the wardroom.

Letters, R. L. Lohman, NASA Hq, to Dist., "Space Station Inputs to AAP Habitability
Experiment," 16 October 1969: William C. Schneider, NASA Hq. to Robert F.

Thompson and C. C. Johnson, MSC, Lelant' F. Belew, MSFC, and Thomas W. Mor-

gan, KSC, "Review of Habitability Aspects of the Saturn Workshop," 30 September
1969; Donald K. ,qlayton, MSC, to Manager, ¢kpollo Applications Program Office,

MSC, "Orbital Workshop Crew Quarters," 12 December 1969; Mueller Meeting,
15 October 1969.

To achieve clarity in AAP documentation relationships and to ensure that base- is

line controls were clearly identified and understood, the following relationships
were delineated:

• .'he Program Approval Document and the Proo:rcment Plan would rep-

resent the basic agreements between the NASA Administrator and the Associate

Administrator for Manned Space Flight.

* The Flight Missions Assignmco.t Document and the level one schedule,

analysis, and review procedure schedvle would serve as the formal controls be-

tween the Associate Administrator ;or Manned Space Flight ar:.t the Apollo Ap-

plications Director.

° Mis_ion Directives and Program !)irectives, which included specifications
and work attthotizations, w,)uld be the control documents between the AAP

Director and the Center Program Manager.

. The Mi_ion Requirements l)ocument, the Baseline Reference Mission
Documertt, and th,' end-item soecifi¢'aticms woulo be used as the control channels

for the Center Program Managers to the sttpport elertents, ORI(]llq/kL PAGB 1_

OF POOR QIJAIa
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1969 • Thz AAP Missions Requirement Document for the Orbital Workshop

Octob,r configuration was published and distributed. The Baseline Reference Mission was
scheduled for distribution near the end of November. AAP Directive No. 26,

KSC Test and Checkout Procedures, was approvefa by N:kSA Hq on 10 October
1969.

Manned Space Flight Management Council Meeting, 15 October 1969; NASA,

"Manned Space Flight Weekly Report," 20 October 1969.

21 An MSC plan to do both Apollo and Apollo Applications work at North Ameri-

can Rockwell under a single contract was approved by NASA Hq. The Apollo

Spacecraft Program Office and the Apollo Applications Program Office were
working together on procedures for maintaining or reestablishing major CSM

subcontractor capabilities. Fuel ceils and cryogenic tanks were being given par-
ticular attention.

TO/X, G. J. Vecchietti, NA3A Hq, to D. W. Lang, MSC, "Letter Contract NA3

9-9224--Apollo Applications CSM Program--Definitization Under Basic Apollo

Contract," 21 October 1969; "Weekly .Orogress and £.3blem Summary for the Ad-

ainistrator--Apollo Applications Prograhh" 24 October 1969; NASA, "Manned

opace Flight Wee'...ly Report," 27 October 1969

22 AAP was implementing manned space flight safety by establishing systems safety

requirements; ensuring compliance wi,,.hestablished saiety requirements by formal

audits of design, test, manufacture, operatiolrs, and reliability disciplines; partici-

pating in program milestone reviews; conducting forma] review_ a,w checking

concurrence in procedures to be used during hazardous testing, cht_.kout, hun+,

and mission operations; and conducting formal tracking and dispo, ;tion of sa.¢ety

problems identified in various engineerivg analyses, mockup review:: and proce-
dural reviews.

AAP Directive No. 31, "The Implementatio.,:. of AAP System Safety Requirement:,"
22 October 1969.

i4 A special reliability analy: ,s, "Descent Battery Pack Monitoring," was completed.
The study was performed to determine the T',onitoring parameters planned for

the service module descent battery pack. The pack consisted of three 500-amp/hr
silver-zinc batteries used tor the CSM deorbit maneuver. Command module bat-

teries provided reduvdancy for the deorbit maneuver.

"Weekly Progress and Problem Summary for the Ad ninistrator--Apollo Applicatit,_.
Program," 24 October 1969.

2r As a result of an AAP management meeting at M'31"C, the AAP Director ap-

proved the following char.ges in the OWS: reinforced floor, hard ceiling, accem
hatch, window, and wardroom concept. Inversion o f the Workshop floor was

given tentative approval.
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NASA, "Manned Space Flight Weekly Report," 3 November 1969; "Weekly Progress 1969
and Prt,bh.m Summary Report," 4 N*,vemher 19fi9; NASA News Release 69-164,

"Orbital Worksh(,p Design Changes," 11 December 1969. O0ober

An ATM program review was held at MSFC. ATM Principal Investigators and 2r

representatives from NASA Hq, MSC, and MSFC attended. Among the areas

discu_ed were unmanned operations, thermal control, operating lifetime, and

availability of acceptant:e checkout equipment. A study was being conducted to

ident,iy the amount of thermal control required during inflight storage periods.

In addition, life testing was being performed to determine capability for extend-
ing the operating lifetime of the ATM.

"Weekly Progress and Problem Summary for the Administrator--Apollo Applications
Program," 4 November 1969; NASA, "Manned Space Flight Weekly Report," 3 No-
vember 1969.

MSFC was requested to manage a study to define the performance characteristics 31
and related costs and schedules for development of an ATM-B stellar telescope to

be used with a second OWS. Results of the study were considered to be signifi-

cant in determining whether such a program should be undertaken and what

measures wc_c required to establish characteristics and requirements that would
support development of large telescopes of the future.

Letters, George E. Mueller, NASA Hq, to Director, Marshall Space Flight Center,

"Apollo Teh.s_ope M_unt (ATM-B) Stellar Telescope Study," 31 October 1969;

Ge.rge E. Mueller to Associate Administrator for Advanced Research and Technology,

"Apollo Telescope Mount (A"I'M-B)," 31 October 1969.

A major study was performed by KSC, The Boeing Company, and Chrysler Cor- Now,tuber
poration to determine the feasibility of launching S-IB vehicles from LC-39. I
Major facilities and equipment needed to convert LC-39 to an elevated pedestal

configuration were studied, as well as estimated cost figures, program schedules,

i and interrelationships with o_her NASA programs. The study indicated that use

! of the elevated pedestal concept in LC-39 appeared technically and operationally

feasible. However, because of the close operational coupling of the Apollo and

AAP if this concept were implemented, it was decided to defer further considera-

tion of this concept.

KSC AAPO, "Utilization of LC-39 for AAP Saturn IB Launches," 1 November
1969.

LaRC issued a request for proposal for a zero-g body shower that would be de- a

veloped for use on extended manned space minions,

Letter, E. M. C_rtr ght, LaRC, to R_d_ert R. Gilruth, MSC, "Evaluation of Proposals
in Response to NASA RFP L13-,t42, 'Development of a Zero Gravity Whole Body

Shower,' " 3 November 1969.
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1969 Two Apollo ATM-related Aerobee rockets were launched from the White Sands

Missile Range, New Mexico. The rocket_ achieved expected performance, solarNovember
pointing systems functioned properly, payloads were succe_fully recovered, and

4 preliminary results appeared excellent. The information obtained by the rocket

flights on solar emission intensity, filter performance, fihn response, and exposure

time would be available in time to provide a useful and efl'ective feedback into

the ATM instruments development program.

MSFC, "Weekly Activity Report," 3 and 17 November 1969; letter, William C.

Schneider, NASA Hq, to Associate Administrator f.r Manned Space Flight, "Apollo

Telescope Mount (ATM) Rocket Flight," 7 November 1969; "Weekly Progress and

Problem Sun:mary for the Administrator--Apollo Applications Program," 14 November
1969; "Minutes, MSF Management Council Meeting," 5 December 1969.

4-7 A preliminary design review on the AAP CSM was held ._.tNorth American

Rockwell, Downey. Major configuration items which resulted from the review

were reindexing the CSM by 180 degrees, based o.'. a crew requirement to be
able to realign the astronaut maaeuvering unit before undocking from the cluster,

and installation provisions for two reentry control system propellant tank farms.

Both recommendations would be subjected to furthe,' review.

NASA, "Mat,ned Space Flight Weekly Report," 10 and 17 November 1969; letter,

G. W. Jeffs, North American Rockwell, to Robert F. Thompson, MSC, "Contract
NAS 9-9224, Miqutes of AAP PDR," 14 No_ ::;wr 1969; "Minutes, MSF Manage-
ment Council Meeting," 5 December I969.

5 Olin E. Teague, Chairman of the House of Representatives Committee on Sci-

ence and Astronautics Subcommittee on Manned Space Flight, sug,_,.sted that

spate rescue and emergency coordination would offer opportunities to bring the

space-faring nations of the world closer together. In an initial response to the

letter, NASA Hq appointed a Space Station Safety Advisor and established a

Shuttle Safety Advisory Panel.

Letters, Olin E. Teague to the President, 5 Novemher 1969; L. A. DuBridge, Science

Advisor, t, T. O. Paine. NASA Administrator, 17 November 1969; M. L. Raines,
MSC, to Manager, Advanced Missi_ms Program Office, "Safety posture for advanced

programs," 12 December 1969.

12-1a During a meeting at McDtmnell Dougl: _, the following Workshop subsystems

were reviewed: refrigeration, electrical power and waste heat, trash disposal, urine

collection and pr(_cessing, and crew compartment. Presentations were offered on
the various st_bsystcms, ht the crew compartment, McDonnell Douglas was pro-

ceeding with a new accem door arrangement in the experiment area with a win-

dow in the wardr(_om. This would eliminate disturbing the wardroom installation

if on-the-pad accc._swas required.

"Weekly Progress and Pr_blem Summary for the Admini_tratt_r---Apollo Applications
Program," 21 November 1969.
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President Richard M. Nixol_ announced his nominati_m of George M. Low ,as 1969

Deputy Administrator of NASA. l,m_ had served in the ['.S. space program Uovomber
since 1949, when hc joined the National Advi._urv Committee for Aeronautics,

NASA's predecessor. 13

White l[,use Press Releasc, " George M. L.w Nominat,'d Deputy Director of NASA,"
13 November 1969.

A preliminary design review on AAP ground support equipment was held at 18-19
North American Rockwell. Purpo.w of the review was to evaluate preliminary

details of the ground opcr,ttional system documentation and ground support

equipment preliminary designs. Attendees recognized that the required AAP

equipment should he adequate to do tile job, but ab_lutclv minimal in cost and

simple to operate. It was agreed that design management mcctings, would be held

pcriodicall.v on each major piece of ground support equipment when 30 or 40
percent of the design was completed.

"Apollo Applications Test Weekly Status Rep<wt," 26 November 196q; "Weekly

Progress and Problem ,qummary for the Administrator- Apollo Applicatitms Program,"
28 Novcmbcr 1969; "Minutts MSF Management Council Meeting," 5 December
1969.

A meeting was held at North American Rockwell, Downey, to discu_ MDA 19
docking checkout fcatures. It wa_ _grct'd that docking tests would be conducted

at MSFC with N_wth American fixtures to verify the capability of the MDA

ports for docking with the conlnl:tlld nlodulcs.

MSFC, "Weekly Activity Report," 2 December 1969.

An AM systenl review was held at McDonnell Douglas, St. Louis. The review, 19-2o
plus a crew walk-through, providcd the first concentrated crew input to the AM

dr,,, concept design. It _dso provided an up-to-date sunmaary review of the overall
AM design status.

MSFG, "Weekly Activity Report," 2 December 1969.

' Inflight activities fi_r AAP missions would be conducted on a 24-hour cycle. For 24
previous manned sp:tce flights, the b;l._iL:Olrboard time re[ercncc for"manned space
flight._ was Inis_iun elapsed timc (MET), which began at liftoff and accumulated

as hours/minutes/seconds for tile flight durati.n. Reasons for tile change from
MET to tile 24-hour cyt'h" werc that eating and sleeping activities would follow

a 24-hour cycle, and the postflight data cc_rrclati_m, particuh_rly with ground

data, would be greatly _L_sistcdby a 2.1.-hour timekeeping system, MET would

continue to be used in tile command module for contingency and final reentry

planning.
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1969 Memorandum, T. U. McElmurry, .'MSC, to Dist., "On-board time reference during

Apollo Applications Flights," 2,t November 1969. t
November

December A review team representing NASA Hq, the three manned space flight Centers,

2-4 the several prime contractors involved, and many of the Principal Investigators
for experiments conducted the AAP cluster systems review at MSFC. Cluster

hardware subjected to scrutiny included attitude con ol, thermal, instrumentation

and communications, structural, electric,d, and crew systems, as well as mission

requirements and the overall system-level capability of the AAP cluster to meet

those objectives. In one significant design decision, program officials decided to
parallel the electrical power system of the ATM with the rest of the duster

through the airlock to increase overall reliability of the cluster's electrical power
system.

t

MSFC, "Weekly Activity Report," 9 December 1969; NASA, "Manned Space Flight
Weekly Report." 8 December 1969; "Weekly Progress and Problem Summary for the
Administrator--Apollo Applications Program," 9 December 1969.

NASA Hq issued a directive which established program standards for achieving

uniformity of terms, practices, and criteria for use throughout AAP in the gener-

ation of nonconformance data that could be readily combined, compared, and
axses.sed for potential program impact• For the purpose of the directive, non-
conformance was defined ;Lsa failure or defect.

AAP Directive No. 10A, "AAP Nonconformance Reporting and Corrective Action,"
9 December 1969.

Io NASA Hq i_stled a program directive that authorized and directed the work to

be accomplished in AAP for FY 1970. Its mission and major flight hardware

summary provided flight nun,bers alld objectives, a._igned b;' number the launch

vehicles and the CSM, and designated the launch complexes.

AAP Directive No. 4B, "Apolh, Applications Program Work Authorization," 10 De-
cenzber 1969.

10.-11 An AM ntanagement meeting was held at McDonnell Douglas. Based on a

review of design, test, and procurement schedules, it appeared that an extremely

tight schedule existed on all aspects of the project.

MSFC, "Weekly Activity Report," 18 December 1969; "Weekly Progress and Problem

Summa_, Report for the Administrat-r--Apollo Applications Program," 11 December
1969; NASA, "Manned Space Flight Weekly Activity Report," 15 December 1969.

11 Recent disctl_sions produccd oral agreements Iw NASA Hq, MSFC, and MSC

management to use progressive crew station reviews at prime hardware contractor

plants for operational verification of h:trdware before critical design reviews.
Some points relating to thc crew station rcviews were:
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• Reviews would be conducted at McDonnell Dougkts for the OWS and 1969

the AM, at Martin Marietta for the *IDA, and at MSFC for the ATM. December
• Appropriate one-g engineering mockups would be provided at each

contractor plant. These would be continuousl.v updated to reflect the latest design.
• Attendance at the reviews would be held to a minimum.

• Reviews would be conducted ,'tsrequired, beginning in December 1969.

• A complete crew station review would be conducted ,as part of the
critical design review.

Letter, Donald K. Slayton, MSC, t_ Manager, Apollo Applications Program, MSC,

"Progressive Crew Station Review of Sat,trn V Workshop Hardware, 11 December
1969.

McDonnell Douglas evaluated a recent test failure of a structural transition 11

section window in the AM. Preliminary findings were that an improper test setup

and procedural error probably cau_d the window failure. The window failed

under a pressure seven to eight times the maximum operating pressure of the AM.

Test procedures were being reviewed and repeat testing was planned. The struc-
tural transition section contained four windows that provided visibility. When

not in use, these windows were protected by an external movable cover actuated
from within the AM.

"Weekly Progress and Problem Summary Report for the Administrator--Apollo Appli-

cations Program," 11 December 1969; NASA, "Manned Space Flight Weekly Re-

port," 15 December 1969.

Becau_ of stringent budget restrictions MSFC was requested to carefully scru- Is

tinize the ATM experiment and supporting systems requirenaents and eliminate

any existing or proposed modifications that were not mandatory to the successful

accomplishment of the scientific experiment objectives. Modifications which were

not yet implemented would be carefully examined to determine:

• If the requirements matched the approved experiment objectives.

• If the requirements could be met without the change.

• If funding or development schedules would be impacted in an unfavorable

manner if changes were authorized.

• If alternate approaches could be taken to meet objectives of required

changes with a less unfavorable impact on funding and schedules.

Letter, William C. Schneider, NASA Hq, to Manager, Apollo Applications Program,

MSFC, "ATM Schedules and Resources," 15 December 1969.

KSC Director Kurt H. Debus announced that LC 34 would be used for Saturn tt

IB-related AAP manned launches (scheduled to begin in mid-1972), while

LC-37 would be placed in a semideactivated "minimum maintenance" condition.

Thomas W, Morgan, AAP Manager of the Florida Center, said that design of
modifications to LC-34 to meet the needs of AAP would begin on 1 January
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1969 1970, while the modifications to the pad itself would begin around the end of the

summer. The current estimate for the cost of modifying the complex and bringing
December

it to a state of readiness was about $3.7 million.

Spaceport News, Vol. 8, 18December1969,p. 8.

1970 MSFC shipped a test version of the Saturn V third (S-IVB) stage to McDonnell

Douglas to be converted into a Workshop test article for use in AAP dynamics

January and acoustics testing. The stage had earlier been used as a Saturn V facilities

2 vehicle to check out manufacturing, testing, and launching facilities during the

Apollo/Saturn V program.

MSFC Project Logistics Office, Flight Operating Log, 2 January 1970; MSFC,
"Weekly Activity Report," 15January 1970; NASA, "Manned Space Flight Weekly
Report," 19 January 1970.

a AAP involved the conduct of long-duration manned missions under two concepts.

The first was the conduct of long-duration orbital missions by the use of spacecraft

originally developed for the Apollo lunar mission operating in conjunction with
an OWS. This concept required providing sufficient expendables to sustain

individual long-duration missions and planning so that they would continue for

predetermined durations as long as no major flight hardware problems arise. The
second concept was that of revisitation and reuse of multimodule assemblies left
in orbit.

These concepts were influenced by two major factors. The first was the need to
use Apollo and Gemini hardware and technology for the most economical

accoL _lishment of significan: advances in manned space flight orbital operations.

The second factor was the desire to exploit the long-duration operational potential

of the hardware ,as rapidly and economically as technology would permit.

Letter, William C. Schneider, NASA Hq, to Manager, Apollo Applications Program,
MSFC, MSC, and KSC, "Test Requirements for AAP Long Duration Missions," 3
January 1970; NASA Handbook 8080.3, Appendix D, "Apollo ApplicationsTest Re-
quirements," Change 1, 23 December1969.

6-9 An Earth resources experiments package (EREP) preliminary requirements review

was held at MSC. Representatives from NASA Hq, MSC, MSFC, KSC, and

Martin Marietta participated. Based on the results of the review, MSFC and

MSC were reviewing the dynamic loads, vibration and acoustics, and film

temperature environments for EREP. Discussions were also being held with the

Office of Space Science and Applications to determine detailed plans on EREP.

NASA, "Manned Space Flight WeeklyReport," 19January 1970.

7 The Apollo 20 mission was deleted from the program. MSC w,xs directed to take
some immediate actions including determination of the disposition of CSM-115A,

pending a final decision as to its possible use in a second Workshop nfission.
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PART II: APOLLO APPLICATIONS PROGRAM

TWX, Rocco A. Petrone, NASA tIq, to MSC, "Apollo 20 deletion," 7 January 1970. 1970

January

The Air Force Eastern Test Range was planning to deactivate two high-resolution

tracking radars at the Cape. The radars provided the earliest acquisition of S-IB r

launches of all available radars and permitted lower visibility ceilings for these

launches. KSC requested a temporary postponement of the deactivation until a
determination could be made of the impacts, if any, to launch constraints and

until alternate radars could be specified.

KS(], "Weekly ProgressReport," 7"January and 14January 1970.

Saturn V launch vehicle 513 wa.s designated for the first AAP Workshop launch, r

For planning purposes, launch vehicle 515 was being considered for use with
either a backup or second Workshop.

TWX, William C. Schneiderand Roceo A. Petrone, NASA Hq, to MSFC, MSG, and
KSC, "Saturn V Launch Vehiclesfor AAP," 7 January 1970.

Dale D. Myers was appointed NASA Associate Administrator for Manned Space 8
Flight with an effective date of 12 January. He succeeded George E. Mueller,

who left NASA on 10 December 1969 to become a vice president of General

Dynamics Corporation. Prior to his acceptance of the NASA position, Myers was

Vice President and General Manager of the Space Shuttle Program at North
American Rockwell.

NASANews Release70---4,8 January 1970.

The mission requirevaents panel met at KSC. The baseline reference mission 14-1s
document was being updated to incorporate a 50-degree orbital inclination for

the OWS. In current plans, AAP-3 would be launched on day 183, mission

elapsed time. This would permit daytime launches and recoveries for all the

manned missions. The possibility that the orbit of the jettisoned payload shroud

might recontact the OWS orbit was being evahlated in order to identify preven-
tive measures.

NASA, "Manned Space Flight WeeklyReport," 26 January 1970.

Apollo Applications Program Managers met at MSFC and conducted a full 22

review of the ATM status. Among the items covered were the film vault design,

film test program, subsystems status, module ground test program, quality and

reliability, mission operations support to MSC, prototype refurbishment, project
schedules, and funding.

NASA, "Manned Space Flight WeeklyReport," 2 February 1970.

The recommendation w,xs made that _rious co_sideration be given to providing p,brua,v

training in solar physics to the Skylab astronauts in the immediate future. Purpose 4
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1970 of the training would be to obtain maximum benefit from the ATM experiments

_.bru,rv by equipping the astronauts with a well-rounded knowledge of solar physics and
the training required for them to become experienced solar observers.

-: Letter, K. Tousey, Naval Research Laboratory, to Robert F. Thompson, MSC, 4
February 1970.

6 NASA management conducted a briefing in the Health, Education, and Wdfare
auditorium, Washington. Purpose of the briefing was to explain to industry ana
labor NASA's plans for the coming year, following a 12-percent budget cut.

NASA Industry Briefing, 6 February 1970.

9 With the termination of the Manned Orbiting Laboratory, the Air Force provided
MSFC with three environment conditioning units capable of delivering fresh air
"_ntoa small enclosed space at a desired temperature and humidity. The units

would be used during bench checks and troubleshooting on the ATM experiments
and the related ground support equipment during storage and the preinstailation
period.

NASA, "Manned Space Flight Weekly Report," 9 February 1970.

13 A meeting was held at MSFC to di_u_ long-term storage of launch vehicle
stages. A preliminary plan was to store four S-IVB stages and four S-II stages in
the Vehicle Assembly Building at KSC. Deletion of certain checkout functions
formerly accomplished before delivery of hardware to KSC was also discussed.

KSC, "Weekly Progress Report," 18 February 1970.

la Kenneth S. Kleinknecht wiLsnamed Manager of MSC AAP, succeeding Robert
F. Thompson who was appointed Manager of the newly e_cablishedSpace Shuttle
Program Office at MSC, Clifford E. Charlesworth was appointed AAP Deputy
Director.

MSC News Release 70-25, 13 February 1970; MSC Announcement 70-33, "Estab-
lishment of the Space Shuttle Program Office and Key Personnel Assignments," 13
February 1970.
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PART III

Skylab Development and Operations

February 1970-November 1974

NASA announced that the Apollo Applications Program had been redesignated 1970

the Skylab Program. The name Skylab, a contraction connoting a laboratory in

the sky, was proposed by Donald L. Steelman, USAF, while assigned to NASA. F,b,_ory
The name was proposed following an announcement by NASA in 1968 that they Ix
were seeking a new name for AAP. Then NASA decided to postpone renaming

the program because of budgetary restrictions. Skylab was later referred to the

NASA Project Designation Committee and was approved 17 February 1970.

Memoranda, GeorgeE. Mueller, NASA Hq, to J. Scheer, NASA Hq, "Request to
NASA Project DesignationCommittee to Select a New Name for AAP," 15 October
1968; D. D. Myers,NASA Hq, to Deputy Administrator, "New Name for Apollo Ap-
plications Program," 23 January 1970; George M. Low, NASA Hq, to Assistant Ad-
mlnistrator for Public Affairs, "Naming of Several Project," 11 February 1970;
J. Scheerto D. D. Myers, 18 February 1970; letter, William C. Schneider, NASA Hq,
to Dist., "Program Name Change," 24 February 1970; NASA News Release 70-30,
"N,t.SA AAP Designated Skylab," 24-February 1970; NASA SP-4402, Origins of
NASA Names, Washington, 1976.

A ground support equipment meeting was held at MSFC with representatives ix
from NASA Hq, MSC, MSFC, McDonnell Douglas, and General Electfi,_

Company participating. Purpose of the meeting was to establish lines of
communication and to discuss test and checkout philosophies and responsibilities,

ground support equipment status, and problems of common interest. On 18

February a similar meeting was held to disuses ground support equipment

associated with the ATM project.

MSFC,"WeeklyActivityReport," 27February 1970.

At an AM management review held at McDonnell Douglas, a two-month slip in It

the AM delivery was predicted. Reason for the .slippage was attributed to design

changes in the caution and warning system.

NASA, "MannedSpaceFlightWeeklyReport," 27 February1970.
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1970 A meeting was held at MSFC, on experiment lo_:atit,ns in the Orbital Workshop.

ttbruory Representatives from MSC, McDonnell Dotgk_.s, Martin Marietta, and MSFC
attended. Several Principal Investigators also attended. In general, the experi-

2s-26 ment locations were considered acceptable.

MSFC, "Weekly Activity Report," 5 March 1970.

26 KSC Director Kurt H. Debus announced administrative changes creating a
Center Planning and Future Programs Directorate. G. Merritt Preston, Director

of Design Engineering, was named to head the new element. The Center Plan-

ning and Future Programs Directorate was responsible for space transportation

systems, Earth-orbital vehicles, and planetary manned and unmanned vehicles.

The Advanced Programs Office of the AAP Manager's organization, together

with AAP supporting research and technology tasks related to future require-

ments, were transferred to the new group. ALso a._similated into the new direc-
torate were portions of the Design Engineering Directorate's Future Studies

Office. Grady F. Williams, former Deputy Director of Design Engineering,
succeeded Preston as Director of Design Engineering.

Spaceport News, 26 February 1970, p. 1.

M._ch Wcrnher von Braun left MSFC to become NASA's Deputy Associate Adminis-
trator for Planning in Washington. Eberhard F. M. Rees, who had served as thel

MSFC Deputy Director Technic,'d since 1963, became Director of MSFC.

MSFC, Marshall Star, 4 March 1970, p. 1.

r In a statement from the White House, President Richard M. Nixon announced

r his proposed space goals for the 1970s. He listed six specific objectives for the
program. Objective No. 4 stated: "We should seek to extend man's capability to

live and work in space. The experimental space station--a large orbiting work-

shop---will be an important part of this effort. We are now building such a

station--using systems originally developed for the Apollo program--and plan to

begin using it for operational missions in the next few years. We expect that men

will he working in space for months at a time during the coming decade."

Text of statement hy the President, 7 March 1970.

McDonnell Douglas and Martin Marietta were condacting analyses for their

areas of hardware responsibility to determine the types, qaantities, and locations

of materials that might present _ fire hazard. They were a_x_ing flash points and

propagation n_echanisms for the various materials and areas. This would provide

the basis for deterntining the quantity, type, and location of fire senmrs for Skylab.

Letter, William C. Schneider, NASA ilq, to Director', Manned _1,,, t'light Safety,

"Semiannual Rep.rt of Manned Space Flight Safety. Studies and Activities--Skylab

Portion," 9 March 1970.
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Definition studies for a second Orbital Workshop (Skylab II) were under study. 1970

Mission objectives would respond to the following major objectives: continued March
development and expansion of the ability to live, work, and operate effectively in

space; exploitation of space for practical benefits through the observation of is

Earth and its environment; and the use of space for ,scientific research.

Letters, William C. Schneider, NASA Hq, to Managers, Apollo Applications, MSFC,
MSC, and KSC, "Definition Studies fi)r a Second Workshop," 25 November 1969;
P. E. Culbertson, NASA Hq, to MSFC and MSC, "Payload Planning for Skylab I1
Mission," 15 March 1970.

MSFC recommended disapproval of a space bath on Skylab based on the it
following:

• The cost was considered excessive.

• The requirement was not mandatory for mission success.

• The schedule impact wa._ unacceptable.

Letter, LelandF. Belew,MSFC, to WilliamC. Schneider,NASA Hq, "Space Bath,"
18 March 1970; TWX, R. M. Jacobs,McDonnell Douglas, to MSFC, "Space Bath
Tubfor WholeBodyCleansing,"undated.

A CSM meeting was held at North American Rockwell. Purpose of the meeting 2_-26

was to review experiment hardware need dates and review experiment test

requirements. Displays, controls, and contractor furnished crew equipment were
satisfactory. However, government-furnished crew equipmen and several stow-

age areas lacked some detail. No significant communications or instrumentation

design changes were necessary.

MSC, "Skylab WeeklyActivity Report," 30 March and 7 April 1970.

During a NASA management tour of Skylab facilities at McDonnell Douglas, March31-April3

Los Angeles, K. S. Kleinknecht (MSC) recommended that a high fidelity moekup

of the OWS be provided at the plant. While MSFC had an engineering mockup

that attempted to duplicate changes made to the OWS, Kleinknecht suggested
that MSFC w_Lstoo distant from McDonnell Douglas to maintain up-to-date

changes.

Memoranda, Donald K. Slayton, MSC, 19 June 1970; T. U. McElmurry, MSG, 4
September 1970; message, William C. Schneider, NASA Hq, 10 September 1970.

NASA Hq issued its policy for delivery, installation, integration testing, and Ap,tl

checkout of experiment flight hardware with flight modules before and after 3
deliver 3' to KSC. Flight experiments wot,ld bc delivered installed in their respec-
tive modules or in bonded packages with the flight module to KSC. Experiments

not accompanying the modules would be delivered to KS(', by the integration

center on previously agreed to dates.
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1970 Letter, William C. Schneider, NASA llq, to Mana,g_'n% Skylab Pro,gram, MSFC, MSC,

and KSC, "Expeiimert Flight 1-;ardware and !M_..,Jule lntegraticm P.licy," 3 April

April 1970.

a A KSC procurement plan for Sk_lab Program launch operations requirements

for CSM hardw:lre vv_tsapproved by NASA Hq. The plan would provide for a
pew KSC contract covering the period from 1 December 1970 to 31 December
1972.

KSC, "Weekly Progress Report," S _.p_i! 1970.

z A Manned Space FFght Management Council mcetil,g at KSC focused on a

second Skvlab Program. Issues discussed were whether there should be a Skylab

II, and, if so, what its fundamental mission and eonfiguration should be, how

long it should stay in orbit, what its experiment payload should be, and how

many manned launches should be planned for it. MSC recommended that

artificial gravity and expanded Earth-survey experiments bc included as major
objectives of a second Skvlab Program.

MSC, "Skylab Weekly Ac'tivity Report," 13 April 1970; memorandum, John H.

Disher, NASA Hq, to P. Culbertson, NASA Hq, "Narrative Descripti{m on Apt 7

Management Comlcil Discussion of Skylab I1," 3 April 1970.

8-9 An ATM crew station review w,xs held at MSFC. Results of the review included

the following:

• MSFC would investigate ATM timing sources to satisfy the 16-mm

Maurer control and display sequence camera timing and sequencing -equirements.

• An improved layout ot control and displa_ ";'cuit breaker panel was sug-

gested by the ,'_ew.

• The impact of providing a display designed to show the crew that the

ATM digital computer had accepted a tonsole-initiated keyboard command was
being assessed by MSFC.

NASA, "Mavned Space Flight Weekgy Report," 20 April 1970.

10 A contract was awarded to Itek Corp_,ration by MSC for the design, develop-

ment, and delivery of multispectral photographic equipment (sIg0A) for the Sky-
lab Program. The contract called for delivery by July I971 of a six-lens camera

unit which would become part of the F,arth re.,ources experiment package in the
Skylab missions.

MSC News Release 70-41j 10 April 1970.

10 The Skylab Program would operate under the follov.'ing mission const aints:

• All Skylab missions would use a northerly launch azimuth.
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Sketch of the Apollo telescope mount.

• The Skylab orbital inclination would be such as to ensure virtually corn- 1970

plete local vertical coverage of the 48 contiguous states. Ap,il
• The OWS would be placed in an orbit sufficiently high to ensure a min_-

mum altitude of 389 km (210 nm) eight months after launch.
• Docking of the CSM to the Workshop would be confined to the axial

docking port of the MDA.
• The Earth resources experiment package would be scheduled for at lea_t

45 passes over the chosen ground sites.

SkylabProgramDirectiveNo. 43, "Ope'ationsDirectivefor the SkylabProgram,"
10 April1970.

N&SA might scrap two of its six scheduled Moon flights, the Washirgton Daily 21
News said. Apollo 18 and 19 might be scrapped because some NASA planners
wanted to use the boosters and spaceships already being built to speed the space
base and space station programs. A,_sistantAdministrator George M. Low was re-
ported as saying NASA already was studying the possibility of canceling Apollo
19 and using its Saturn V booster and the Apollo spacecraft for a second Skylab.
NASA said there was sentiment for using Apollo 18 equipment for an even more
ambitious venture--base station---that would stay aloft for 10 years (vs. 1 year
for Skylab) and could be added onto until it could accommodate 100 men.

WashingtonDailyNews,21April1970,p, 7.

An AM management meeting was held and a crew station review conducted at 22-2a
McDonnell Douglas. Martin Marietta MDA personnel attended the review to

ensure some standardization between the AM and the MDA. MSC suggested ORIGIlqAL p/kQl_, 1_
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1970 that the teleprinter be made an inflight replaceable item and that a spare be

carried on Skylab 1.April

MSFC, "Weekly Activity Report," 30 April 1970.

2z Garrett Corporation, AiResearch Division of Los Angeles, was awarded a con-

tract by MSC for a portable astronaut life support assembly (ALSA) for use in
the Skylab Program. The assembly would ensure that astronauts performing

extravehicular activity and intravehicular activity would have an adequate supply

of oxygen.

MSC News Release 70-43, 23 April 1970.

2r A directive defi:,it_g the work to be accomplished in the Skylab Program for

Fiscal Year 1970 was issued by NASA Hq. Its minion and major flight hardware

summary, provided flight numbers and objectives of each flight; assigned by num-

ber the launch vehicles and CSM, and designated the launch complexes.

Skylab Program Directive No. 4C, "Skylab Program Work Authorization," 27 April
1970.

m,r A system flexibility stud)' was being conducted of systems and subsystems within

the Skylab cluster in order to achieve the best possible flexibility in case of a mal-4

function. The focus w_ts on those actions available to ensure the rapid return of

command and service modules in the event of a malfunction forcing an abort

and possible actions that would permit completion of OWS onboard functions

to ensure acquisition of maximum experiment data.

NASA, "Manned Spare Flight Weekly Report," 4 May 1970.

6 North American Rockwell completed a verifier tion evaluation of the CSM hard-
ware for a 120-day capability and transmitted the certification matrices to NASA.

If there were no changes in CSM mission performance requirements, verification

for a 120-day mission would not present a problem.

"Skylab Program Test Weekly Status Rept_rt," 6 May 1970; NASA, "Manned Space

Flight Weekly Report," 8 May 1970; "Weekly Progress and Problem Summary for

the Administrator--Skylab Program," 8 May 1970.

r MDA crew station review was held at Martin Marietta. Results of the review

showed, among other things, that the MDA docking port heat loss was such that

the hatch and tunnel walls could reach a tempcratttre of 216 K (-70°F). Unless

the heat loss could be prevented, this temperature would preclude a shirt-sleeve

erttry.

"Weekly Progress and Problem Summary for the Administrator_Skylab Progrmn/'

25 May 1970.
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A design review wa.s conducted of the Spacecraft Ac,u_tic l,aboratorv at MSC. 1970

The review included the phvstcal design of the reverl)cration chantber, operationM May
features required for the facility, ,tnd the expected tcchnic:d performance capa-

bility of the laboratory. 7

"Weekly Progress and Problem Summary for the Administrator--Skylab Program,"
8 May 1970.

The feasibility of docking a second Orbital Workshop to Skvlab 1 had been under 14

consideration. However, the practical problen:s that would be engendered by

such an operation were formidablc. They inchtded such items ,as docking loads,

docking control, flight attittldc of t:tndem Skylabs, consutnables, and in-orbit

storage of Skylab 1.

Letter, William C,. Schneider, NASA Hq. to Asses:late Administrator for Manned
Space Flight, "Docking Skylab I l t_,Skylab I," 14 May 1970.

NASA Hq announced that both the manned attd unmanned (Saturn IB and is

Saturn V) launches of the Skvlab Progrant would bc from KS(] LC-39. Previous

plans were to conduct the Saturn IB launches from LC-34, a part of the U.S. Air

Force Ea,stcrn Test Range umd by NASA, a tenant at Cape CanaverM Air Force

Station, Florida. However, prt_gt'am studies showed the fe,xsibility of the pedestal

concept of launching thc Saturn IB from LC 39 and indicated a cost savings of

$13.5 million.

The pedestal would be of standard steel structural design; however, there were

unique conditions considered. One of these wins the requirement to withstand

engine exhaust temtx-t'atures of 30110 K (5000°F). Another dealt with winds.

The pedestal wa.s designed to launch an S-IB at maximum vehicle allowed winds

159.,1. kin) and to withstand a 200-kin per hr }mrricane without the launch
vehicle.

Launch Complex 34, which bccante opcratitmal in 1961, w'iL_placed in a standby

condition after the Apollo 7 flight in October 1968. It would have required ex-

tensive updating of equipntent and repairs to ready it for the Skylab Program.

NASA News Release 70.70, "Skylab Launch Site Change," 15 May 1970; MSC News
Release, 71}-.t9, 15 May 1970; Chrysler, Report C:C:SD-'ro, .VO.41008, Study Report
Launch o/ Saturn IB/CSM From Launch C,mplcx 39, 15 April 1970; memoranda
for record, T. F. Goldcamp, KS(:. "Skylab Saturn IB/CSM Launches from LC--39,"
10 May and 19 May 19711;letters, G. I'. Williams, KS(.',, to Manager, Skylah Progrmn,
KSC, "AAP Saturn IB/CSM I,at,ncht.s from LC 39," 10 April 1970; W. J. Kapryan,
KS(:, tt, Manager, Skylah Peugtam, KS(.:, "Skylab Saturn IB/CSM Launches from
LC 39," It1 April 1970: R. l'. (_t,dfrey, MSFC. h, T. W. Morgan, KSC, "Utilization
of Launch Ctmq)irx 39 for Skylah Saturn IB Launches," |5 April 1970; J. R. Martin,
MSFC, to W. Strickland, MSFC, "Wind (:onsidcrathm for Sattlrn IB launch from
LC. 39," 17 April 1970: R, E. G.dfrey to T. W. Morgan, 5 May 1970; I). D. Myers,
NASA Hq, to NASA Administrator, "Skylab Saturlt IB CSM Launches from LC 39,"
7 May 1970; T. W, Ikh,rgan to Dist., "Skylah Saturn IB Launches frtma LC-39," 12
May 1970; G. M. L.w, NASA llq, to Associate Administrator for Manned Space
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1970 Flight, "Skylab IB Launclws from Launch Complex 39," 14 May 1970; G. M. Low
to C. P. Anderson, U.S. Senate, 15 May 1970: E F. M. Rees, MSFC, to K. H. Debus,

May KSC, "MSFC assessment .f KS{." proposal to abandon LC-34 and LC-37 and to
commit two mobile lamwhers to support Skylab launches," 4- June 1970; W. C..
Schncidrr, NASA lht, to Manager, Apoll.-Skylab Programs, KS(/, "Safety Aspects of
Launch of Saturn IBs from Launch Complex 39," 19 June 1970; D. D. Myers to
K. l|. Debus, 22 June 1970; R. E. Godfrey to T. _V. Morgan, "Latlnch of Saturn [B
Vehicles from Launch Complex 39," 29 June 1970; D. D. Myers to Deputy A(hninis-
trator, "Safety Aspects _,f Skylab Saturn IB/CSM Latmches from Launch Complex
39," 30 June 1970; J. l). Phillips, KSC, to R. H. ('urtin, NASA Hq, 26 Januar)" 1972.

2o A meeting w,xs held at MSFC to give NASA management direct exposure to two

proposed concepts for urine collection and santpling. General Electric Company

presented their concept for a urine sampling volume measuring subsystem. Fair-

child Hiller Corporation pre_nted their concept for a 24-hour pooling collection

and .sampling sulx_ystem. A propomd plan for implementation and integration

for each of these systems w,xs presented by McDonnell Douglas. Following the

presentations it was agreed that MSFC would implement the Fairchild Hiller

concept, and that a test model would he constructed for verification in zero gravity

on a KC-135 aircraft. On 27 May 1970, a preliminaz), design review was held,

and general agreement was reached on all significant points. Fairchild Hiller

had completed a model of the collection and measurement system, and its various

functions were effectively displayed.

Letter. W. K. Simmons, Jr., MSFC, to Dist., "Urine Collection Briefing Minutes,"
20 May 1970: "Weekly Progress and Problc.n Summary for the Administrator_
Skylab Program," 5 June 1970.

20 During a Skylab Workshop management review, McDonnell Douglas was di-

rected to proceed with the design and fabrication of a high-fidelity mockup of the

OWS. The mockup and installed equipment would simulate actual equipment

to the extent neee._glrv to :L_,_exscrew t_Lsks and facilitate in-depth reviews of the

ta_ks. The mockup would be located at the McDonnell Douglas, Huntington

Beach facility.

MSFC, "Weekly Activity Report," 21 May 1970; NASA, "Manned Space Flight
Weekly Report," 25 May 1970.

a6 The AM static structural qualification testing w,xs completed at MSFC, with the
succegsful completion of the 125-perccnt liftoff loads test. The AM structural
test article u,_d for this test was later modified to become the dynanfic test article
used in the payload assembly vibroacoustic test at MSC.

MSFC, "Skylab Program Office Weekly Activity Report," 2 June 1970.

26 The ATM critical design review was completed, with the Critical Design Review
Board meeting at MSFC. This review gave formal approval to the ATM design.

MSFC, "Skylab Weekly Activity Report," 21 and 26 May 1970.
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A Skylab logistics support status review w_ held with representatives from NASA 1970

Hq, /VISFC, KSC, and MSC participating. Primary purpose of the meeting was _,y
to establish the nature and degree of the logistics support required from KSC by

the design Centers. 26

Letter, A. F. Hinger, NASA Hq, to J. P. Field, Jr., NASA Hq, "Skylab Logistics

Support Status Reviews, ' 26 May 1970.

The conmlidation of the Skvlab and Apollo Program Offices at KSC was ap- _e

proved by T. O. Paine, NASA Administrator. Thomas W. Morgan was appointed

Manager of the combined functions. R. C. Hock was named acting Deputy

Manager, Apollo-Skylab, on 5 June 1970.

Memoranda, K. H. Debus, KSC, to Dist., "Apollo Program Manager," 1 June 1970;

"Designation of Acting Deputy Program Manager," 5 June 1970; KSC, "Weekly

Progress Report," 3 June 1970.

The ATM thermal systems unit was delivered to MSC from Marshall. It was Jun,
subjected to the temperature and vacuum extremes of a space environment in 3

the MSC thermal vacuum chamber as part of the qualification program of the
ATM.

MSFC, "Skylab Program Office Weekly Activity Report," 9 June 1970.

MSC announced a supplemental agreement to the Apollo contract with North 4
American Rockwell to provide four CSMs for the Skylab Program. The agree-
ment definitized a letter contract issued in March 1969.

MSC News Release 70-62, 4 June 1970.

NASA announced selection of General Electric Company and Singer-General s

Precision, Inc., for competitive negotiations leading to a contract for development
of the crew training simulator for the Skylab Program at MSC. The contract

would include design, fabrication, installation, checkout, simulation programs,

onsite systems engineering, and supporting documentation.

MSC News Release 70-64, 5 June 1970.

Martin Marietta Corporation was awarded two contract modifications from 18

MSFC. The first one involved work on systems integration for the MDA. The

second covered design development, fabrication, assembly, integration, and test-

ing of MDA equipment.

MSFC Cltmtrarts Oflic% Mod. I.tl t_ Ctmtract NAS 8 24000, 9 June 1970, and Mod.

145 to Contract NAS 8 24000, 18 June 1970.

ORIGINAL
201 OF POOR QUAIa'_

1978008581-21



SKYLAB: A CHRONOLOGY

1970 NASA announced selection of Honeywell, Inc., of Boston for award of a contract

for the design, development, and delivery of a 10-band multispectral scannerJun*

instrument for use in the Skylab Program. The multispectral scanner would be

Is flown as part of Skylab's Earth resources experiment package. Purpose of the
scanner would be to detect and measure radiated and reflected solar energy
from materials on Earth.

NASA NewsRelease70-99, 18June 1970.

le-I_ Representatives from McDonnell Douglas and MSFC attended a meeting at -i
MSC to discuss crew participation in the OWS factor, checkout. Crew com-

partment fit and function was the main topic of discussion. Because of the

meeting, McDonnell Douglas was in a better position to plan the man-machine

portions of the checkout, i

MSFC, "WeeklyActivityReport,"25 June 1970. i

19 An AM crew station review was held at McDonnell Douglas. A discussion on the

content and conduct of the critical design review-crew system review was held.

General agreement was reached that the AM/MDA stowage should be reviewed

to the maximum extent possible.

"Manned Space Flight Weekly Reports," 22 and 29 June 1970; MSFC, "Weekly
ActivityReport," 25 June 1970.

19 General Electric Company, Valley Forge, Pennsylvania, was awarded a contract

for the design, development, and delivery of a microwave radiometer-scatterom-

eter/alfimeter instrument for the Skylab Program. The instrument would be

part of the Earth-resovrces experiment package, which also included a multi-

spectral photographic facility, an infrared scanner, and a 10-band multispectral

scanner. Objectives of the microwave radiometer-scatterometer/altimeter experi-
ment would be to determine the usefulne_ of active and passive microwave

systems in providing information on land and sea conditions.

MSFC Contracts Office,memorandum of contractaction, 19 June 1970; MSC Newt _
Release 70-70, 22 June 1970.

2s An OWS fire study meeting was held, with astronauts and system safety person-

nel participating. A study was initiated to cover such items of fire safety ,as escape

routes for the crew; materials and fl,'unmability; fire detection and extinguisher

locations; suit locations; effect of fire debris on the command module; ground _I

monitoring of fire detection; pressure buildup from a fire; and crew response _
after 50 days in space.

NASA Hq, "SystemSafety WeeklyActivityReport," 1July 1970.
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PART hi:SKYLAB DEVELOPMENT AND OPERATIONS

MSFC completed installation of a complete functional ventilation system in the 1970

OWS mockup and began testing the system. Airflow profiles were being mapped aun,
throughout the crew quarters. Preliminary acoustic tests indicated that the noise
levels were acceptable. 29

"r "Weekly Progress and Problem Summary for the Administrator--Skylab Program,"
29 June 1970; NASA, "Manned Space Flight Weekly Report," 29 June 1970.

During a press briefing and tour of production facilities at MSFC, NASA Sky- 2_-3o
lab Program Director William S. Schneider said of the project, "[we are] in the
critical phase of firming up our designs." Three missions were planned for the
eight-month lifetime of the 14.6-m-long Workshop. The primary task of the first
mission would be to study physiological and psychological aspects of space flight
for 28 days. The second mission, for 56 days, would operate telescopes. The
third, also 56 days, would survey Earth resources.

MSFC PAO, Visitors Program Record, 29-30 June 1970.

KSC awarded contracts to AC Electronics Division, General Motors Corporation, July

and General Electric Company. The AC Electronics contract would provide I
Apollo CSM and LM guidance and navigation systems test and mission support
at KSC for the Apollo and Skylab Programs.

The General Electric contract would provide personnel and equipment for main-
tenance and operation of acceptance checkout equipment and quick look data
systems which were designed and built by General Electric.

,.Vpacepor|News,2Julyand 30July1970.

Curler-Hammer, Inc., was awarded a contract for the design and development 4
of an L-band microwave radiometer for use in the Skylab Pro_am. The radio-
meter would measure brightness and temperature of the terrestrial surtace of
the Skylab ground track.

MS(] NewerRelease 70-86, 4 July 1970.

Concern over the Skylab (SL) food program and the habitability aspects of the _,-e
Orbital Workshop led to an exchange of correspondence and considerable dis-
cussion on the subjects during a Skylab Program review held at MSFC. Per-
sonnel from NASA Hq, MSC, KSC, and MSFC attended the review. Among
the items discussed were elimination of perishable foods, high cost of the food
development system, need for an entertainment conmle, type of lighting, and
color scheme of the OWS interior. Prior to the review, a Skylab food systems
meeting was held at MSC on :3June 1970. Items on the agenda included freezer

temperature requirements; the food preparation concept; a galley appliance 0RIGINA_ PAGE
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1970 concept; and food stowage requiremems. Other items of major interest werc
the following:July

• The basic design philosophy was rcaflirmed, with some interpretation.

• The basic configuration was reaffirmed; some agreements were made to

modify certain systems and to investigate others, reflecting recent engineering
design change requests.

• The July 1972 launch date for SLI and SL-2 was rcaftirmed.

• The cost plan was not deviated from, although concern was expressed at

ability to complete the program with the cost plan.

• The open-ended philosophy for the 28-day- and 56-day-mission duration
was reiterated.

• Operational planning guidelines were modified to encourage more em-
phasis on experiments time aUowance.

"Minutes of Skylab Program Review," 6-7 July 1970; "Weekly Progress Report for

the Administrator.-.Sk}'lab Program," 15 June 1970; memoranda, C. C. Kraft, Jr.,

MSC, to MSC Direct,_r, "l-Iab_tabiiity of Skylab," 6 April 1970; C. A. Berry, MS(3,

to Manager, Skylab Program, MSC, "Deletion of requirements of perishable food,"

21 April 1970; TWXs, W. (2. Schneider, NASA Hq, to K. S. Kleinknecht, blSC, and

L. F. Belew, MSFC, "Food System Interface With Orbital Workshop," 28 July 1970;

W. C. Schneider to L. F. Belew, K. S. Kleinknecht, and T. W. Morgan, KSC, "OWS
Stowage and Food System Changes," 13 Jttly 1970; K. S. Kleinknecht to W. C.

Schneider, "Changes in Skylab Program Food System Interface," 13 August 1970;

letters, R. R. Gilruth, MSt:, to I'. F. M. Rees, MSFC, 10 April 1970: W. C. Schneider

to R. F. Thompson, MSC, "Inflight Food and Water Systems for AAP," 22 April

1959; W. C. Schneider ttJ K. S. Kleinknecht, "Deletion of requirements for perishable

food," 26 May 1970; R. R. Gilrutlx to E. F. M. Rees, 26 May 1970; E. F. M. Rees to

R. R. Gilruth, 27 May 1970: E. F. M. Rees to D. D. M),ers, NASA Hq, 15 June 1970;

E. F. M. Kees to R. R. Gilruth, 16 June 1970; W. C. Schneider to Manager, Skylab
Program, MS(_',, "Deletion of Requirements f_r Perishable Food Aboard Sk_'lab," 19

June 1970: D. D. Myers t- R. R. Gilruth, 22 June 1970; L. F. Belew to K. S. Klein-

knecht, "Engineering Design Change Request--173 Food S_'stem and St,rage," 23
June 1970; K. S. Kleink_leeht to W. C. Schneider, "Food system interface with orbital

workshop," 17 July 1970. E. F. M. Rees to C. W. Mathews, NASA Hq, 21 July

1970; W. C. Schneider to Managers, Skylab Program, MSC and MSF(], "Transfer of

Skylab Food Heater System Responsibility from MSFC to MSC," 25 August 1970.

e MSFC mollified its existing contract with Martin Marietta Corporation for addi-

tional work tm the Skylab Program. The comract modification covered develop-

ment, implementation, and operatitm of a change integration and configuration
control system.

MSFC Contracts Office, MOD 150 to Contract NAS 8--24000, 8 July 1970.

10 A study w;ts r.mde of the eft'cot of contamination on all critical surfaces ot' the

Skylab vehicle. Potential contamination sources which violated cluster require-

ments specifications were evaluated by the Contamination Control Working

Group. The study indicated that the MOL sieve and the OWS waste tank vents
would, in combination, present a potential contamination threat to nearly all
the external OWS windows.
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Letters, William C. Schneider, NASA Hq, to Manager, Skylab Program, MSFC, "Sky- | 970

lab Contamination Control," 20 March 1970; Leland F. Belew, MSFC, to W. C.

Schneider, "Skylab Contamination Contr,4," 10 July 1970; NASA, "Manned Space July
Flight Weekly Report," 27 July 1970; "Weekly Progress and Problem Summary for

the Administrator," 27 July 1970.

A meeting was held at NASA Hq to discuss unmanned ATM operations. ATM 1_,

Principal Investigators and personnel from MSC, MSFC, KSC, and NASA Hq

attended. Following presentations by MSC and MSFC and statements by the

investigators, a daily eight-hour unmanned operation of the ATM was baseline&

Letters, William C. Schneider, NASA Hq, to Leland F. Belew, MSFC, Kenneth S.

Kleinknecht, MSC, and Thomas W. Morgan, KSC, "Unmanned ATM Experiment
Operations Meeting," 20 July 1970; Kenneth S. Kleinknecht to Directors of Flight

Operations and Flight Crew Operations, MSC, "Unmanned ATM Operations," 30

July 1970.

MSFC issued a contract change order to McDonnell Douglas changing the food lz

management concept from a soft to a canned food package, which provided

additional food storage. Modification of the wardroom table to mount a new

serving tray with hotplate cavities for heating the food was also included in the

change.

Change Order 128, Contract NAS 9-6555, Schedule 11, 17 July 1970.

MSFC modified an existing contract with McDonnell Douglas for additional 23

work on the Skylab airlock. The AM was a 1.6-m-diameter tunnel attached to

the top of the Workshop. It provided the major work area and support equip-
ment required to activate and operate the Workshop and also formed a passage-

way for the astronauts to move from the Apollo CM and MDA into the Workshop.

The airlock could also be depressurized and sealed off for exit into space outside
the vehicle.

MSFC Contracts Office, MOD 55 t, Contract NAS 9-6555 Schedule 1, 23 July 1970.

Representatives of government and industry participated in a Skylab AM and 27-3t

MDA crew station review at McDonnell Douglas in St. Louis. Storage areas,

equipment, and crew operations were discussed. Astronauts attending the review

conducted walk-throughs of the AM and MDA, major elements of the Skylab
chtster that would also include large solar observatory quarters for long stays in

space. McDonnell Doughts was developing the AM. The MDA was being built

by MSI"C; attd Martin Marietta, Denver Division, was integrating equipment

and experiments.

MSFC News Release 70 146, 28 July 1970; MSFC, "Weekly Activity Report," 6
August 1970; "Weekly Progress and Prohlem Summary for the Administrator--Skylab

Program," 7 August 1970; NASA, "Matmed Space Flight Weekly Report," 10 August
1970.
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1970 KSC awarded a contract to Reynolds, Smith, and Hills of Jacksonville, Florida,

for architectural and engi_ecring services in modification plans for adapting
July

existing Saturn V facilities at Launch Complex 39 to launch Saturn IB space

a0 vehicles. A launcher-umbilical tower would require a major modification, and

minor modification would be required in the service platforms of the Vehicle

Assembly Building, where space vehicles were ,'Lssembled and checked out before

being moved to the launch pad. The firm, fixed-price contract had a performance

period of 200 days, with work to be performed at the Center and in Jacksonville.

Spaceport News, 30 July 1970, p. 5.

so Skylab Program Managers Thomas W. Morgan, KSC, Le;and F. Belew, MSFC,

and Kenneth S. Kleinknecht, MSC, approved an inter-Center agreement on the

use and control of acceptance checkout equipment-spacecraft (ACE-S/C) for the
checkout of the ATM at all locations and the AM down'.ink at KSC.

"MSC/KSC/MSFC Inter-Center Agreement on the Use and Control of ACE-S/C for
the Checkout of ATM at All Locations and AM (Downlink) at KSC," 30 July 1970;

MSFC, "Weekly Activity Report," 7 August 1970; KSC, "Weekly Progress Report,"
12 August 1970.

31 A thermal attitude control system review was held at MSFC. A request by MSC

for isolating the 22-bottle cold gas system into two banks to protect the system
front leakage was rejected on the basis that adequate attitude control would

still be maintained in the event of a depleted gas supply by using control moment

gyros for all mimion phases except the first eight hours. On 4 August, the Manned

Space Flight Management Council sustained the rejection.

NASA, "Manned Space Flight Weekly Report," 10 August 1970; letter, C. A. Sweeney,
NASA Hq, to Dist., "MSF Management C,ourz_il Action Items From Program Review

of August 4, 1970."

._ut,ust A special change review board was established to expedite and finalize decisions

needed by contractors. Emphasis would be placed on resolving urgent change.4
The initial meeting would cover the Orbital Workshop, airlock module, and

experiments. Members of the board were W_lliam C. Schneider and John H.
Disher (NASA Hq), Leland F. Belew (MSFC), Kenneth S. Kleinknecht (MSC),

and Thomas W. Morgan (KSC).

TWX, William C. Schneider to Leland F. Belew, Kenneth S. Kleinknecht, and
Thomas W. Morgan, 4 August 1970.

6 An MSFC Saturn Program Office review of all Skylab Program directives appli-
cable to the launch vehicle was conducted. Essentially, the review indicated there

was no incompatibility between requirements of the Skylab directives and Saturn

practices as they pertained to the launch vehicle.

Letter, R. G. Smith, MSFC, to W. C. Schneider, NASA Hq, "MSFC Saturn Program
Office Implementation of Skylab Directives," 6 August 1970.
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A critical design review for the AM was held at McDonnell Douglas. Personnel 1970
from NASA Hq, MSC, KSC, MSFC, and McDonnell Douglas participated. The August
review was a detailed technical examination of the total AM, including the en-

vironmental control systems, electrical and power management, data and corn- 10.-14

munications, structural and mechanical, and other miscellaneous and experiment-
support systems.

Memorandum, D. M. Green, McDonnell Douglas, "Critical Design Review," 13 Au-

gust 1970; McDonnell Douglas, "Airlock Program History, 1966--1974"; NASA,

"Manned Space Flight Weekly Report," 24 August 1970; letter, L. F. Belew, MSFC,

to W. C. Schneider, NASA Hq, "Airlock Module Critical Design Review," 22 Sep-
tember 1970.

A meeting was held at MSFC on the OWS in-flight microbiological and odor 14
contamination requirements. Personnel from MSC, MSFC, LaRC, McDonnell

Douglas, Martin Marietta, Brown Engineering Company, and the U.S. Public
Health Service attended. Considerable discussion centered about the need for

a general biocide for disinfecting within the entire Skylab and the requirement

for a high-level working group to review and solve microbiological growth prob-
lems for the entire cluster.

Letter, Leland F. Belew, MSFC, to Kenneth S. Kleinknecht, MSC, "Minutes to the
OWS In-Flight Microbiological and Odor Contamination Requirements Review,

August 14, 1970," 9 September 1970; D. D. Myers, NASA Hq, to Robert R. Gilruth,
MSC, 26 August 1970.

A week-long critical design review of the Skylab MDA w,xs completed by NASA 24-2z
and its contractor teams at Martin Marietta's Denver division. This was the

final technical review before approval for manufacturing flight hardware.

MSFC News Release 70-168, 27 August 1970; MSFC, "Weekly Activity Report," 2

September '.970.

MSFC issued a modification to an existing contract with McDonnell Douglas for 2a
Skylab Program work. The tnodification would pay for the conversion of the

original OWS to be launched by a Saturn IB booster to a completely outfitted

Workshop to be launched by a Saturn V. Originally the plan was to launch the

second stage (S-IVB) of a Saturn IB into Earth orbit. The S-IVB would be

filled with fuel so that it could propel itself into orbit. Astronauts launched by a

second Saturn IB would then rendezvous with the empty stage and convert it

into living and working quarters. A decision was made 21 May 1969 to outfit
an S-IVB on the ground and launch it ready for use on a Saturn V.

MSFC Contracts Office, MOD 84 to NAS 9 6555 Schedule 11, 27 August 1970.

A group of MSFC, engineers successfully completed a week-long testing of Skylab as

Program hardware in simulated weightlesme_s aboard a USAF KC-135 four-

engine jet research aircraft. Tests included operation of flight-c;mfiguration doors
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CHARACTERISTICS

I • WEIGHT(LOADED)
13,800L|
6,260 KILOGRAMS

• DIAMETER
I0 FT
3.0 METBIS

• LENGTH
17FT
S.2METERS

• VOLUME(HABITABLE)
!,O80CU.tT
30.6 CU.METERS

Sketch of the multiple docking adapter.

197'0 for film cassette compartments, retrieval and replacement of film cassettes, and
evaluation of handrails and food restraints. The KC-135 was flown in parabolas,August
with 30 seconds of weightlessness achieved on each parabola in a technique that
closely duplicated zero-g.

MSFC News Release 70-169, 28 August 1970.

31 NASA published a new Skylab launch readiness and delivery schedule which
called for a Skylab 1 launch on 1 November 1972. The change was initiated as
a result of the implementation of an interim operating plan which deleted two
Apollo missions and called for completion of all Apollo missions by June 1972.

NASA Hq Schedule, 31 August 1970; TWX, William C. Schneider, NASA Hq, to
Leland F. Belew, R. G. Smith, L. B. James, ana W. Teir, MSFC, Kenneth S. Klein-
knecht, MSC, and Thomas W. Morgan, KSC, "Skylab Action to Implemcnt the
Interim Operating Plan," 3 September 1970; NASA, "Manned Space Flight Weekly
Report," 8 September 1970.

September A study to determine optimum utilization of Launch Complex 39 culminated in
the following assignments:2

Apollo 14 Apollo 15 and subsequent

Launcher Umbilical Tower 2 Launcher Umbilical Tower 3

High Bay 3 High Bay 3 (Post-Apollo 14)
Firing Room 1 Firing Room 1
Pad A Pad A
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PART llI: SKYLAB DEVELOFMENT AND OPERATIONS

Skylab 1 Skylab 2, 3, 4 1970

Launcher Umbilical Tower 2 Launcher Umbilical Tower I s°pt°,,_,

High Bay 2 High Bay 1
Firing Room 2 Firing Room 3
Pad A Pad B

Letter, Thomas W. Morgan, KSC, to Dist., "LC-39 Facility Utilization," 2 September
1970.

An inquiry as to the feasibility of having a crew from another country visit the 4
Skylab in orbit showed that, while there was nothing to indicate such a mission
could not be accomplished, a considerable amount of joint planning and design
would be required.

Letter, William C. Schne;der, NASA Hq, to Associate Administrator for Manned
Space Flight, "International Cooperation in the Skylab Program," 4 September 1970.

A study, which was initiated in April concerning a second Skylab Program, had 4
generated sufficient data for planning purposes. The study indicated that a
second set of Skylab missions would provide a u_ful and worthwhile continuation
of manned space flight in the mid 1970s, even if the hardware were unchanged.
It would also offer an economically feasible program option if future funding
for the Space Shuttle Program fell behind the anticipated growth rate.

Letter, William C. Schneider, NASA Hq, to Associate Administrator for Manned

Space Flight, "Skylab B Planning Studies," 4 September 1970.

A multiple docking adapter critical design review board met at MSFC with repre- 11
sentation from NASA Hq, KSC, MSC, and MSFC. This meeting concluded
critical design reviews on the MDA and the AM.

NASA, "Manned Space Flight Weekly Report," 21 September 1970; MSC, "Skylab
Weekly Activity Report," 18 September 1970; MSFC, "Weekly Activity Report," 16
September 1970; "Minutes of the MDA CDR Board Meeting," 24 September 1970.

An Orbital Workshop critlc_l design review was conducted at McDonnell Doug- t,_,-le
las, Huntington Beach. Personnel from NASA Hq, MSC, KSC, MSFC, and
McDonnell Douglas participated. The review was conducte a by panels represent-

ing six different technological disciplines. Areas of potential major impact in-
eluded the urine system, microbiological contamination, the water storage system,
and the OWS window vibration test.

KSC, "Weekly Progress Report," 23 September 1970; "Skylab Program Test--Weekly

Status Report," 23 September 1970.

Singer-General Precision, Inc., Link Division, Houston, was selected for the award Is
of a contract to design, develop, install, and support a Skylab simulator to provide
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CHARACTERISTICS

• WEIGHT
35,380.80KILOGRAMS
[78.000LBi

• DIAMETERLTOTAL
6.71METERS
(22 FTI

• LENGTHTOTAL
1463 METERS
,!48FT;

• VOLUMEHABITABLE
,! 29526 CUMETERS

10426 CU FT

Sketch of the Orbital Workshop.

1970 astronaut and ground crew training at MSC. The simulator would serve as a

September ground-based trainer with controls and displays similar to those used during
manned operations. It v:ould also be operated in conjunction with the command

module simulator and the Mission Control Center to provide complete mission

training.

MS(] News Release70-101, 15 September1970.

16 George M. Low became Acting Administrator of NASA until a successor could

be chosen to replace Thomas O. Paine who had resigned to return to General

Electric Company. Low served in that capacity until the appointment of James
C. Fletcher as NASA Administrator in March 1971.

TWX, A. P. Alibrando, NASA Hq, to all NASA Installation Publk Information Of-
rices,15September1970; Astronauticsand Aeronautics, 1971, p. 69.

2+ A Saturn Workshop crew station review began at MSFC as part of the Skylao

Program. Nine astronauts participated in the week-long review conducted in a

Workshop mockup. Government and industry engineers monitored the astronauts'

progress as they "walked through" many of the Workshop tasks. Medical experi-

raents scheduled for the Skylab flight were reviewed.

Lettel, Leland F. Belew, MSFC, to William C. Schneider, NASA tlq, 21 October
1970; MSFC, "WeeklyNote for WeekEnding 25 September1970."

=4 A technical status review was conducted at North American Rockwell. Among

the major topics covered were subsystem, critical parts, stre_s corrosion, cost reduc-

tion, property disposition, and manufacturing and test programs. North Amea'-
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Jean's efforts to retain critical skills and maintain high-quality test and manu- 1970

facturing operations were also discussed. September

NASA, "Manned Space Flight Weekly Rep,,rt," 5 October 1970.

MSFC modified the existing Skylab contract with Martin Marietta. The con- " 2s
tract change covered ATM mission support at MSC and MSFG.

MSFC Contracts Office, MOD 205 to Contract NAS 8-24000, 25 September 1970.

A Skylab Subsystem Review Team wa._ established with C. W. Mathews (NASA 2s

Hq) as chairman. Reviews were scheduled to be conducted at MSFC in Novem-

ber 1970, at MSC during February-March 1971, and at KSC also during
February-March 1971. The subsystem review team was established based on

a recommendation of the Apollo 13 Review Board.

Letter, C. W. Mathews to Director, Program Management, MSFC, Manager, Skylab
Program, MSC, and Manager, Apollo-Skylab Programs, KSC, "Skylab Subsystems
Review," 25 September 1970.

Multiple docking adapter tests using flight hardware and a CSM simulator were 28-*o

conducted by MSC, MSFC, and North American Rockwell. Because the docking

probe was unable to maintain a constant preload setting it was returned North
American for refurbishment.

MSFC, "Weekly Activity Report," 8 October 1970.

A Skylab Contamination Control Working Group presented a summary status 29

to the Office of Space Science and Applications, the Office of Advanced Research
and Technology, and the Skylab Program Office. MSFC identified sources of

contamination within Skylab and noted the actions that had been taken or were

underway. W. Stroud (Goddard Space Flight Center) observed that since man's

presence created major sources of contamination, failure of any Skylab experi-

ments for this rea_n would have a significant impact on future manned missions.

Letter, William C. Schneider, NASA Hq, to Associate Administrator for Manned

Space Flight, "Skylab Contaminatiun Control," 13 October 1970.

A multiple docking adapter management review was held at Martin Marietta. October

Areas covered included temperatures in the fihn vaults, installation of vent valves 13
in tile MDA, the window test program, and MDA TV system requirements.

"Weekly Progress and Problem Summary for the Administratot,--Skylab Program," 26
O,'tober 1970.

A reliability assessment report on CSM rendezvous maneuvers w,xs released, The 16
report covered critical items of the guidance and navigation control systems,
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1970 service pr, pulsion system, and scrvk:e moduh" reaction control svsteln dttring CSM

rendezvous ilta.netlvcrs, l"ive ntissitm-succc_,; single failure points were identified.October

Three of these were also crew-safety single failure }xfints.

NASA. "Manned Space Flight Weekly Rcport," 2fi October 1970: "Weekly Progress
and Problem Sut_ltuary for the Administrator Skylab Program." 26 October 1970.

2o MSC mmotmced pl;tns to cot:struct a dock and to dredge a channel in Clear

Lake adjacent to the east gate of MSC, "o facilitate shipment of htrge Skylab

test articles. Upon cotnFletion of dredging, the waterway would be 2 tit deep,
18 m wide, and 914- m long.

MSC News Release 70 117, 20 October 1970.

21 Ru_ian Cosmonauts Vitalv I. Sevastvanov and Adrian G. Nikolayev were briefed

on the Skvlab mission during a tour of MSFC. Sev;cstvanov and Nikolaye¢ had

previously been selected by the International Academy of Astronautics for the

1970 Daniel and Florence Guggenheim Intern:ttional Astnmautics Award. The

award, which was presented annttall3" for otttstanding contribtttion to space re-

search and exploration, was awarded to the cosmonauts for their 17-day Soyuz 9

mission 2- 19 June.

MSFC, Process Enginrrring l.abomtor)" Neutral Buo)'anc), Simulator Daily Log, 21
Octolmr 1970.

a0 George M. l,ow (NASA Hq) wrote to E. E. Davis, Jr., Science Advi_r to the

Presidettt: "To forego Skvlab would have a powerful negative impact on astron-
omv and earth re._mrces surveys. It would leave the U.S. without the data base

fl_r any future manned mi._ion decisions. It wouht surrender to the U.S.S.R. the

option of having the first real space station in orhit. It would leave underdeveloped

the desirable precetlent t,f openly simrcd ntamted flight program scientific and tech-

nical results, a po_sihilit.v currently undet.xcorcd by the disctt._ions in Moscow on
the suggestion that the U.S. and U.S.S.R. use conmaon docking hardware in

their orbital spacecraft."

Letter, George M. Low, NASA Hq, to E. R. Davis. Jr., Science Advisor to the PretL

dent, 30 October 1970.

N,_*mb,, NASA Hq concurred in the transfer of ntanagement responsibility from the Apollo

= Program to the Sk.vlah Program at KSC for l,auncher Umbilical Tower 1, High
Bay 1, Firing Ro.m 3, and Pad B for Skylah 2, 3, and 4. thin,ions. Approval for

the re;t_,_ignment of Apollo facilities to support the SL 1 tni._ion would be accom-

plished in later correspondence.

Letter, R. A. Petrone and W. C. Schneider, NASA Hq, tt_ Manager, Apollo-$1tylab
Programs, KS(:, "L(I 39 Facility Utilization," 2 November 1970.
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Launch intervals to be u_d for trajectory development were 70 days between 1970
SL-2 and SL-3 and 102 days between SL-3 and SL-4. The schedule called November
for an SL-I launch, 9 November 1972; SL-2, 10 November 1972; SL-3, 19

January 1973, and SL-4, 1 May 1973. The launch intervals would provide s

for adequate daylight in the launch abort recovery areas and the normal end-

of-mission recovery zones.
'7

NASA, "Manned Space Flight Weekly Report," 16 November 1970; "Weekly Prog-

ress and Program Summary for the Administrator--Skylab Program," 18 November
1970.

A Skylab Program Managers' meeting was held at the Michoud, Louisiana, _to

Assembly Facility. Among the items covered were the issue of static firing of the

Saturn IB on Launch Complex 39; modification of the Maurer 16-mm camera _.
to an 8-mm frame size; continued need for experiment requirements documents;

launch intervals and launch pad access for SL-1; an experiments safety plan;

and manpower levels and work-cost relations.

Letter, William C. Schneider, NASA Hq, to Dist., "Skylab Managers Meeting/' 16
November 1970.

An EVA critical design review was held at the Skylab m_ckup area and the 1_2o
neutral buoyancy simulator, MSFC. The week-long EVA review included astro-

naut performance under normal Earth gravity in the Saturn Workshop mockup
ard simulated weightlessness in the neutral buoyancy simulator. Ten astronauts

from MSC took part in the review activities.

MSFC PAO, Visitors Program Records, 16-19 November 1970; MSFC News Release

70-235, 17 November 1970: MSFC, "Weekly Activity Report for Week Ending 17

November 1970"; NASA, "Manned Space Flight Weekly Report," 30 November 1970;

"Weekly Progress and Problem Summary for the Administrator--Skylab Program,"
2 December 1970.

A 90-day manned test symposium was held at LaRC. Representatives from 17-4e

NASA, industry, and universities attended. Primary subjects covered during the

symposium were water management, atmosphere purification, atmosphere con-

tamination, atmosphere supply, w,xste management, food management, crew
selection and training, habitability, behavioral studies, acoustics and lighting,

medical and physiological aspects, and crew panel discussion.

Letter, E. L. Field, MSFC, to W. K. Simmons, Jr., MSFC, "90-Day Manned Test

Symposium," 27 November 1970.

A Skylab subsystem review team chaired by C. W. Mathews, NASA Hq, met at t7-19

MSFC. During the meeting, the review team inspected the Skylab mockup area
and simulation facilities in the Astrionics and Manufac'taring Engineering Labora-

tories. A number of action items were comp!led for MSFC resolution.
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SKYLAB: A CHRONOLOGY

1970 Letter, C. W. Mathews to E. F. M. Rees, MSFC., 18 January 1971; MSFC News

Release 70-235, 17 November 1970; "Weekly Progress and Problem Smnmary for the

l_vemlmr Administrator--gkylab Program," 2 December 1970.

Is The Skylab MDA flight unit w`a_flown from MSFC to Martin Marietta's Denver
" division where it was to be outfitted with controls and display panels for solar

astronomy and Earth resources experiments, storage :aults for experiment film,
and a thruster attitude control system.

MSFC Project Logistics Office, Flight Operating Log. 18 November 1970; MSFC,
"Weekly Activity Report for Week Ending 2.t November 1970."

is The NASA Education Programs Office was studying the use of Skylab missions
as a focal point for a substantial national education program. Particular interest
was being exprexsed in environmental and ecological education, possibly in co-
operationwith a new pro_am under the U.S. Office of Education. The educa-
tional activities would include teacher workshops and preparatory courses prior
to the mission, use of real-time television during the mission, and post-missionuse
of film and other data.

"Weekly Progress and Problem Summary for the Administrator--Skylab Program,"
18 November 1970 .....

t_ NASA Hq established a flammability, explosion, and toxicity policy for material
selection, control, test, and evaluation on the Skylah Pro_am. Continuous em-
phasis was being given to the importance of the materials program ,and its rela-
tionship to crew safety and mis,sionsuccess.

Skylab Program Directive No. 16A, "Skylab Program Materiah Policy," 19 November
1970.

23 Saturn V launch vehicle SA-515 was defignated ,as the backup launch vehicle
for Skylab 1. Management responsibilities for the vehicle would be simil,'u"to
those for the primary launch vehicle, SA-513.

TWX, William C. Schneider, NA,_A Hq, to R. G. Smith and Leland F. Belew, MSFC,

Kenneth S. Kleinknecht, MSC, and Thomas W. Morgan. KSC,, "Backup Saturn V
Launch Vehicle for Skylab," 23 November 1970; letter, William C. Schneider to
Leland F. Belew, R. G. Snfith, Kenneth S. Kleinknecht, and Thomas W. Morgan,

*'Amendment #2 to October 13, 1969 Memorandum of Understanding Between the
Apollo and Skylab Program Offices on Saturn Vehiele Management Interfaces," 2
December 1970.

C),cm_r A presentation on a proposed Skylab medical experiments chamber study was
made at NASA Hq. Personnel from NASA Hq, MSC, and Ames Research2

Center attended. Following the presentation, MSC w,as authorized to proceed
with the planning and design of a 56-day preflight chamber program to be con-
ducted before Skylab 1 and 2. The program would later become known as
SMEAT (Skylab medical experiment altitude te,,t).
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Technicians at McDonnell Douglas Astronautics, Huntington Beach, prepare the
Skylab Workshop test vehicle for shipment to MSC and MSFC to undergo de-
sign verification tests. The test article was subjected to acoustic, vibration, and
static forces comparable to those that would be encountered during launch and
orbit.

Letters,William C. Schneider,NASA Hq, to Manager, Skylab Program, MSC, "Sky- 1970

lab Medical Experiments Chamber Study,"3 December 1970; ChristopherC. Kraft,

Jr., MSC, to Director, Skylab Program, NASA Hq, "Skylab Medical Experiments December
Chamber Study," 11 January 1971; memorandum, Christopher C. Kraft to Dist.,
"Skylab Medical Experiments Chamber Study,' 11 January 1971.

A ground-test version of the Saturn Workshop was shipped from the McDonnell 4
Douglas facility at Huntington Beach, to the Michoud, Louisiana, Assembly
Facility. It would undergo testing there until 30 December and then would be
shipped to MSC for extensive ground tests. This Workshop was a version of
one that would be used in the Skvlab Program to accommodate teams of three
astronauts for sta.vs of up to 56 days in Earth orbit. NASA planned to launch
the Skylab duster with a Saturn V vehicle in 1972. Called a "dynamic test
article," the Workshop model would be tested at MSC to verify its bending and
vibration characteristics. The Workshop was scheduled to arrive at Michoud
17 December ,-,ndat MSC 5 January.

MSFC, "Weekly Activity Report," 6 and 17 November 1970 and I0 and 24 Decem-
ber 1970; MSC, "Skylab Weekly Activity Report," 13 November 1970.

A study was underway to determine the advisability of providing the Skylab crews )6
with fresh foods. The main area of concern centered around the probability of
invalidating medical experiments because of the chemical instability of the fresh
food and the wide variation between the sources of food lots.
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1970 Letters, Kenneth S. Klei'_kneeht, MSC, to William C. Schneider, NASA Hq, "Perish-
able foods," 16 Decer Jet 1970 J. W. Humphreys, Jr., NASA Hq, to Director, Sky-

Dtcember lab Programs, "Perishable Food.%" 8 Jam,ary 1971.

20 The payload shroud test article was successfully tested at the Plum Brook Facility

of Lewis Research Center. The purpose of the payload shroud would be to cover

and protect the ATM M12A, and tot, portion of the AM as Skylab was launched
into an Earth orbit.

MSFC, "Wcekly Activity Report," 24 December 1970; NASA News Release 70-214,

"12-Ton N,,se Cone To Be Tested," 21 December 1970; "Weekly Progress and Prob-
lem Sumn_aiy for the Administrator--Skylab Program," 5 January 1971.

23 An assessment of the feasibility of providing a crew rescue capability for Skylab

was conducte.! by KOC, MSC, and MSFC during 1970. The study culminated

_a a NASA Hq decision to provide a limited rescue capability should return

capability fail while tile CSM were docked to the OWS. The rescue vehicle for

the first two manned Skylab missions would be the next CSM in flow at KSC.
Should a rescue eMl occur, the CSM next in flow would be modified so as to

permit a five-man carrying capacity. It would be launched with a two-man
crew and return with the additional three astronauts.

TWXs, William C. Schneider, NASA Hq, to Leland F. Belew, MSFC, Kenneth S.
Kleinknet,ht, MSC, and Thomas W. Morgan, KSC, "Skylab Rescue," 24 September
1970; William C. Schneider to Leland F. Belew, R. G. Smith, Kenneth S. Klein-

knet,ht, and Thomas W. Morgan, "Skylab Rescue Study," 24 December 1970; memo-

randt.m, William C. Schneider to M. F. Sedlazek, NASA Hq, "Skylab Rescue Study,"

22 December 1970; menlorandum for record, M. F. Sedlazek, "Meeting--Skylab

Rescue," 24 December 1970; letters, William 12. Schneider to Manager, Skylab Pro-
gram, MSC, "Study of Rescue Capahility for Skylab," 17 April 1970; William C.

Schneider to Managers, Skylab Program, MSFC, MSC, and KSC, "Skylab Rescue

Study," 6 January 1970; William C. Schneider to Director, NASA Safety Pr_gram,

¢" "Input to Semi-Annual Report on MSF Safety Studies and Activities |or Congressman
Teague," 2 October 1970; KSC, "Weekly Progress Keports," 4 November 1970 and 2
December 1970; "Weekly Progress and Problem Sumnmry for the Administrator--Sky-
lab Program," 5 January 1971; North American Rockwell Studies, SD70-263, "Skylab

Rescue Vehicle/Third CSM for Skylab B," July 1970; AP70 12, "Skylab Rescue,"
September 1970; SD 70-263-1, "Addendum to Skylab Rescue Mission," November
1970; MSC Skylab Rescue Study, 25 November 1970.

1971 The Orbital Workshop dynamic test article arrived at the Clear Lake Creek

Basin adjacent to MSC aboard the barge Orion. It was offloaded on 7 January
Janu.rv and moved to the MSC acoustic test facility where it was set up for vibroacoustic

3 testing scheduled to start on 20 January. The acoustic test facility had been

checked out previously, and the acoustic environments generated met simulated
conditions surrounding the Skylab during Skylab 1 liftoff and Skylab 1 maximum

gravity.

"Skylab Program Test Weekly \, livity Reports," 6 January 1971 and 13 January
1971; MSFC, "Weekly Activity l_ ,,nrts," 14 January 1971, 22 January 1971, and 27

January 1971; "Weekly Progress arid Program Summary Report for the Administrator
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--Skylab Program," 1 February 1971; NASA, "Manned Space Flight Weekly Activity 1971
Report," 1 February 1971.

January

An inter-Center agreement which defined the policies, procedures, and responsi- 7
bilities for planning and conducting experiment integration activities at module
contractors' test sites was approved.

MSC-MSFC Inter-Center Agreement, Kenneth S. Kleinkneeht, MSC, and Leland F.

Belew, MSFC, "Operations Policy for Checkout of Skylab Experiments at Module

Contractors," 7 January 1971.

A technical design review of the operational bioinstrumentation system was held 14
at Martin Marietta's Denver Division. The system would be worn by each crew-
man during launch, return, intravehicular activities, and extravehicular activities
to measure respiration rate, heart rate, body temperature, and electrocardiogram.
No significant problems were revealed in the review. A critical design review
was scheduled for mid-March.

"Weekly Progress and Problem Summary for the Administrator--Skylab Program,"
27 January 1971.

Policy on the management of experiment resourceswas elaborated on by NASA 14
Hq. Emphasis was that the real contribution to experiment management would

come from careful planning and analysis and the attentive day-to-day manage-
ment of experiments by the responsible Centers.

Letter, William C. Schneider, NASA Hq, to Managers, Skylab Program, MSFC and

MSC, and Manager, Apollo-Skylab Programs, KSC, "Management of Experiment

Resources," 14 January 1971.

A group of potential Skvlab crew members was taking a course in solar physics Is
designed to provide a background for (_perating the Apollo telescope _, _nt The
course was divided into extensive reviews of the introduction of solar phenomena,
the quiet Sun, the active Sun, and flares and explosive phenomena. Studies of
the Sun in real time were made using closed circuit TV to bring pictures from
MSC's solar telescope to ,he classroom.

MSC News Release 71-01, 15 January 1971.

NASA requested proposals from potential U.S. and foreign experimenters for 19
investigation,gof data to be acquired fro], the Earth resourcesexperiment package
to fly on the manned Skylab spacecraft in late 1972. Data would bc used in
assessing the value and direct applications of space observations in agriculture,
geography, forestry, geology, hydrology, oceanography, and cartography. Ob-
jectives of EREP were to extend use of sen_rs; use man to observe, discriminate,
and select study areas; and provide an early source of unique research data for

analysis.
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1971 NASA News Release 71-5, 19 January 1971.

January

A meeting at MSC reviewed Skylab fire extinguisher requirements. Representa-

19 fives from MSC, MSFC, and NASA Hq attended. MSFC described the physical
distribution of flammable materials within the OWS, AM, and MDA. MSC

and MSFC representatives agreed to a joint tour of module contractor facilities,
beginning 22 January, to review the location of flammable items. Recommenda-

tions would be developed from these reviews for the number and locations of
fire extinguishers required for Skylab.

"Weekly Progress and Problem Summary for the Administrator_Skylab Program,"
27 January 1971.

19 NASA Hq igsued a directive which established, for the Skylab Program, the

Headquarters-to-Center relaticnship in the area of configuration management,

`as well ,as pertinent configuration control board (CCB) controls and reporting

requirements.

Open work at KSC, x_ociated with hardware and software delivered to KSC,

would be kept to a minimum. All hardware and software, including changes

approved for incorporation, would be completed in the contractors' plants before

delivery unless specific approval to the contrary was granted to the responsible

Center. The concurrence of the KSC Skylab Program Manager would be re-

quired in _dl such actions.

Skylab Program Directive No. 34, "Skylab Program CCB Controls and Reporting
Requirements," 19 January 1971.

19-21 The solar array system critical design review was held at TRW. Significant dis-
cusslon concerned

• Failure of individual cells due to shadowing by attitude changes; however,

pomiblc solar array degradation appeared to be within acceptable limits.
• Soldering inspection techniques which would be tightened to conform to

NASA specifications.

• Use of the deployment spring material (titanium); TRW would furnish
MSFC additional details on its use.

"Weekly Progress and Problem Summary for the Administrator_Skylab Program," 1
February 1971 ; MSFC, "Weekly Activity Report," 8 February 1971.

2o MSFC reviewed options for obtaining television surveillance of EVA and the

exterior of the Skylab for scientific and Olx'rational purposes. The_ included TV
camera cable dragout from the AM TV i_put station through the EVA hatch;

externally mounted TV input stations and mounts requiring an `a_tronaut to
connect the camera cable to the stations; and _, TV camera mounted on the
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experiment T027/S073 (ATM contamination measurement) photometer ex- 1971

tension mechanism. Of the three, MSFC favored the T027/S073 concept, j...._,

TWX, Leland F. Belew, MSFC, to William C. Schneider, NASA Hq, Kenneth S.

Kleinknecht, MSC, and Thomas W. Morgan, KSC, "Addition of External TV to the

Skylab Program's Basic TV Capability," 20 January 1971.

Status of the Orbital Workshop potable water system design and development 21

testing was the subject of a meeting at McDonnell Douglas, Huntington Beach.

Completed tests failed to indicate either the presence or absence of any system

problems such as corrosion, rapid iodine depletion, and high ionic content.
McDonnell Dougl`as was unable to determine the expected ionic levels for vari-

ous metallics developed in an ion-exchange bed to remove undesirable metallic ions.

MSC, "Skylab Office Weekly Activity Report," 29 January 1971.

An MSC-MSFC Skylab mission data-interface agreement describing the division 2s

of responsibilities, mutual support, and interface procedures established between
MSFC and MSC in the execution of their mission data handling tasks was ap-

proved by Christopher C. Kraft, Jr., for MSC, and Eberhard F. M. Rees, for
MSFC.

MSCM 8010, Program Management Guide, 25 January 1971.

An ATM experiments Principal Investigator meeting was held at Boulder, Colo- 26-27

rado. It was designed to ensure total agreement on experiment objectives, de-

velopment, operations, and data analysis, ,as well as to ensure that crew and

mission operations requirements would be met. Representatives of MSFC, MSC,

and Martin Marietta attended the meeting. The scientists who proposed the six

solar astronomv experiments also attended the meeting. An update of the pro-

posed Martin Marietta facilities designed to support Skylab was presented. The
solar data from ground ob_rvatories needed to support mission operations were

described by National Oceanic and Atmospheric Administration personnel, and

their recommendations were agreed to, with the stipulation that additional data

were needed. The ATM film stud}' identified _nle problem areas to be resolved,

such as temperature control and radiation protection for film.

"Minutes of ATM PI Executive Meeting," 26--27 January 1971 ; MSC, "Skylab Pro-

gram Office Weekly Activity Report," 5 February 1971.

KSC awarded a contract to The Boeing Company for the reactivation, operation, 2.

and maintenance of Launch Complex 39 launch support equipment in support

of Skylab.

KSC Scheduling and Review Procedure, 3 February 1971.
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1971 A Skylab trainer review was held with representatives from MSC, MSFC, and

the contractors to review the trainer module status and delivery schedules, theJanuary
trainer configuration management program, and the contents of the trainer turn-

29 over data packages. Due to the slip in the Skylab launch dat_ into 1973, all

module trainer delivery dates were being reassessed. (See 13 April 1971 entry.)

MSFC, "Weekly Activity Report," 12 February 1971.

r_b,**rt During recent OWS progressive crew station reviews, concern had been ex-

pressed about a trash airlock failure, contingency trash disposal methods, and the
possibility of repairing a failed airlock. In an effort to alleviate the concern, the

MSC Systems Safety Office made an analysis of the problem. As a result of the

study, the Systems Safety Office recommended that the following be considered

for adoption within the mission rules for Skylab:

• Provide detailed contingency provisions and procedures for suitable dis-
position of perishable items within the OWS, to allow mission continuation.

• Familiarize crews with trash airlock repair instructions.

• Provide flight-qualified, nonflamr.lable, gas-tight, trash stowage bags and

a suitable biocide to be used for in-house trash storage if the trash airlock failed.
• Provide contingency procedures for external OWS stowage of trash dur-

hag scheduled extravehicular activities.

• Do not redesign the present trash airlock system unless testing shows

deficiency or identifies additional single failure points previously undefined.

Memorandum, M. L. Raines, MSC, to Manager, Skylab Program Office, MSC, "Sys-

tem Safety Analysis of the Orbital Workshop trash disposal airlock," 24 February
1971; study, K. W. Irwin, Boeing, "System Safety Analyses of the Orbital Workshop

Traeh Disposal Aiflock," 2 February 1971.

Martin Marietta's biomedical storage cabinet design was reviewed to establish

acceptable constraints for u_ of molded polyurethane foam in storage drawers.
The drawers were found to be insufficiently tight when closed, creating a potential

hazard by allowing an unlimited oxygen supply should the foam be ignited. It
was also suggested that free foam particles would be created by storage container

use because of shape cutouts in the foam. Investigation of nonflammable cor-

rugated cardboard as an alternative to the foam was progressing.

MSC, "Skylab Program Office Weekly Activity Report," 5 February 1971.

a An MSFC/KSC inter-Center review of the OWS ground support equipment was
held at McDonnell Douglas. No design changes were identified.

MSFC, "Weekly Activity Report," 12 February 1971.

a A Skylab briefing was held at the MSC News Center. Participants included

William C. Schneider (NASA Hq), A. J. Calio (MSC), C. A. Berry (MSC), arid
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PART HI" SKYLAB DEVELOPMENT AND OPERATIONS

O. K. Garriott (MSC). Main theme of the briefing was the scientific applications 1971

and medical experiments that would be conducted during the Skylab Program. F.b,uo,v

"Tramcript, Skylab Briefing," 3 February 1971.

The acoustic test of the OWS dynamic test article reached the halfway point when s
the last of the liftoff acoustic sequence was performed at MSC. During this se-
quence, the dynamic test article was exposed to the full intensity of the liftoff
acoustic environment for 15 seconds to qualify the OWS structural design. A
quick look at the hardware indicated no major problems. The most significant
discrepancy noted was that some tie rods stabilizing the top of the floor-mounted
cabinetshadloosened.

MSFC, "Weekly Activity Report," 12 February 1971, "Skylab Program Engineering

Weekly Status Report," 10 February 1971.

An Orbital Workshop management review was conducted at McDonnell Douglas. 9
Representatives from McDonnell Douglas, NASA Hq, KSC, MSFC, and MSC
attended. Significant agenda items included the program schedule, engineering
changes, design status, component tests, and procurement status. The OWS flight
module was about three months behind schedule. The component development
and qualification testing was also behind schedule. McDonnell Douglas reorga-
nized the procurement activity and was making a significant effort to improve
this area since it directly impacted the schedule slip.

*'Skylab Program Engineering Weekly Status Report," I0 February 1971.

A high-level advisory board responsible for guiding NASA in all aspects of 9
mission safety held a two-day meeting at MSFC. The Aerospace Safety Advisory
Panel, appointed by the NASA Administrator, was headed by Charles D. Har-
rington, President, Douglas United Nuclear, Richland, Washington. The group
discussed safety aspects of the lunar roving vehicle, the Skylab cluster of space-
craft, and the proposed reusable space vehicle (space shuttle).

M_IFCI PAO, Visitors Program Record, 8-9 February 1971.

KSC awarded a contract to the Holloway Corporation of Titusville, Florida, to to
construct a launcher-pedestal for the Skylab Program. The 38.7-m-tall pedestal
adapted to an existing launcher-umbilical tower so that manned Saturn IB space
vehicles could be launched from facilities supporting the larger Saturn V rockets.

Holloway contracted to construct the launcher-pedestal in 180 days after receiv-
hagnoticetoproceed.

KSC Schedulingand Review Procedure,31 March 1971.

William R. Lucas was appointed Deputy Director, Technical, Marshall Space to
Flight Center. He would assume his new duties effective 15 February. Before
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1971 appointment as Deputy Director, Lucas was Director of Program Development
at MSFC.

February

Erich W. Neubert--serving in the capacity of Acting Deputy Center Director,

Technical, as a temporary assignment--returned to his former position as Asso-
ciate Deputy Director, Technical.

The position of the Director, Program Development, vacated by Lucas, was as-
sumed by James T. Murphy in an acting capacity.

MSFC Organization Announcement No. 0101-6, "MSFC Key Personnel Announce-

meat," 10 February 1971; letter, E. Rees, MSFC, to R. R. Gilruth, MSC, 24 February
1971.

!o-11 An MSFC in-house review of experiment and cluster system compatibility found
significant discrepancies between controlling documents for experiments. Since
Martin Marietta supported both MSFC and MSC in configuration management
and integration/development, MSFC recommended that Marfm Marietta be
directed to proceed with preparation of complete change packages for all ex-
periments, to bring them up to date.

Letter, Leland F. Belew, MSFC, to Kenneth S. Kleinknecht, MSC, "Experiment

Document Discrepancies," 25 February 1971; "Skylab Program Engineering Weekly
Status Report," 3 March 1971.

12 Acoustic testing of the OWS dynamic test article was completed at MSC. Dur-
ing the final testing, the dynamic test article was exposed to the full intensity
of the aerodynamic acoustic environment to qualify the Workshop structural
design. No major problems were encountered. However, vibration levels in some
areas exceeded the established criteria. The new vibration levels were given to

McDonnell Douglas, and adjustments in the qualification test criteria were made
as appropriate.

MSFC, "Weekly Activity Reports," 18 and 24 February 1971; NASA, "Manned

Space Flight Weekly Report," 22 February 1971; MSC, "Skylab Program Office

Weekly Activity Report," 22 January 1971; "Weekly Progress and Problem Summary

for the Administrator--Skylab Program," 24 February 1971.

1_17 A meeting was held at McDonnell Douglas with representatives from NASA
Hq, MSFC, Martin Marietta, and McDonnell Douglas. Purpose of the meeting
was to resolve AM open issues resulting from a Martin Marietta/NASA Hq
review. Significant issues re_lved were adequate definition of contaminant levels,
adequacy of existing design and verification for meteoroid protection, and tem-
perature and humidity control through the environmental control system.

"Skylab Program Engineering Weekly Status Report," 3 March 1971.
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A preliminary design review of the inflight medical support system was con- 1971
ducted at MSC. The system was being designed and built in house by MSC Februor,/
using off-the-shelf hardware to the maximum extent possible. It would provide
a capability to treat minor illness or injury that could be reasonably diagnosed 17-18

and treated in Earth orbit, to permit Skylab mission completion.

A preliminary design review of the Skylab food system was also conducted at
MSC in conjunction with the inflight medical support system review. The food
system would consist primarily of the food food containers, and food canisters.
It was being developed under contract by Whirlpool Corporation. Principal
areas of concern were compatibility of the food system to medical experiments
and menu planning to ensure proper variety of menu.

"Weekly Progress and Problem Summary for the Administrator--Skylab Program,"

20 February 1971.

MSFC granted Intemational Business Machine Corporation (IBM) a contract 2a
modification for the manufacture of instrument units (IU) for Saturn launch

vehicles. The modification w:_.uldextend IBM's delivery schedule for ILls through
31 December 1973, to be compatible with the extended Apollo and Skylab Pro-
gram launch schedules. IBM was under NASA contract to build 27 IUs for
Saturn vehicles: 12 Saturn IBs and 15 Saturn Vs. Ten of the Saturn IB units

and 12 Saturn V units had been cGmpleted. All work was being done at the
company's facilities in Huntsville. The original IU contract had been granted
to IBM in March 1965 for the fabrication, assembly, checkout, and delivery of
the 27 units and related support functions.

MSFG Contracts Office, MOD 1915 to Contract NAg 8-14000, 23 February 1971.

George M. Low, Acting NASA Administrator, presented NASA's FY 1972 bud- M,nh
get request to the House Committee on Science and Astronautics: FY 1972 a
projects--including Apollo 15 and 16, two Mariner spacecraft, the first Earth
Resources Technology Satellite, and continuing work toward future flights of
Apollo 17, Skylab, Earth resources and Applications Technology Satellites, and

Viking probes--represented "the fulfillment of enterprises of the 1960s, the tailing
off to completion of work in progress for many years. By 1974 the number of
NASA space launches per year will have declined from 26 in 1966 to 8. After
the Skylab missions in 1973, we face at least four years in which there will be no
United States manned flight.

"Five years ago ihere were over 390 000 people in industry employed on NASA
work. By the end of FY 1971 that figure will be about 108 000. The decline
will continue for a few more months, but we expect it to start increasing by the
middle of FY 1972, with the end-of-the-year total being about equal to that at
the beginning." U.S. was "running a serious risk of losing too much of the aero-

223

!

•.- 197800858:1-:235



SKYLAB." A CHRONOLOGY

1971 space capability that is ,'m essential ingredient of our long term national stlength

and security."March

U.S. Congress, House, Subcommittee of the Committee on Appropriations, HUD-

Space-Science Appropriations [or 1972: Hearings. 92d Cong., 1st sess., 1971, pp.

1022, 1054.

a-4 A Skylab experiment ground support equipment review w,xs conducted at KSC

with representatives from KSC, MSC, MSFC, and affected contractors. The

ground support eqtlipmei_t, test ._upport equipment, and facilities required to

support experiment test and checkout at KS(', were identified. Experim,"-t de-

velopment Centers would furnish experiment-peculiar ground support equipment,
and KSC would furnish the test support equipment and facilities.

KSC, "Weekly Progress Report," 10 March 1971.

4 A plan was devised to provide a rescue capability for Skylab in the event the
crew became stranded in the OWS because of failed CSM. The rescue capa-

bility was based on the a._sumption that the stranded crew would he able to wait

in the Skylab cluster with its ample supply of food, water, and breathing !;ases
until a modified CSM canable of carrying five crewmen cot,ld be laanc,:cd. _f
a failure occurred which stranded the crewmen in their CSM, this rescue capabil-

ity would not be possible.

NASA Fact Sheet, "Skylab Rescue Capability," 4 March 1971; memorandum for

record, John H. Disher, NASA Hq, "Skylab Rescue Briefing," 1 March 1971 ; TWX:
William C. Schneider, NASA Hq, to Kenneth S. Kleinknecht, MSC, Leland F.

Belew anti R. G. Smith, MSFC, and Thomas W. Morgan, KS(',, "Skylab Rescue

Capability," 10 March 19"11.

4 Dale D. Myers, NASA A._ociate Administrator for Manned Space Flight, testi-

fied before the House Committee on Science ,tim Astronautics during hearings

on NASA's FY 1972 authorization hill. During the p;Lst year, design and exsen-

tially all phases of development testing had be,'n completed for Skylab, and flight
hardware was in fabr;cation. Definition of Space Shuttle was nearing comple-

tion. To develop a limited capability to rescue Skvlab astronauts from _,pace,

NASA had initiated design action on a modification kit to give Skylab the

capacity to car D' two men up to or'b;* and five men back to Earth. Stranded
,astronauts could use the Skvlab cluster its _helter while the modification kit was

installed and the Apollo-Saturn IB launch vehicle assigned to next revisit was

made ready for launch.

U.S. Congress. House, Suhconm'dttee _,n Manned Space Flight of the C,munittee on
Science and Astronautics, 1972 NASA Authorization: tlearing_ on H.R. :t981 (Super-

sedGd by tl.R. 7109). 92d C.n¢.., 1st sess., 1971, pp. 1 and fl'.

S A Skylab configuration contr.l board teleconference was held, with MSC, MSFC,

KSC, and Headquarte_ program offices participating. Four items were dis-
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cussed: CSM micrometeoroid protection, voice scrambler, CSM schedules, and 1971
fuel cell operafion/cryoventing. A test program in which sample structure cross March

sections of the CSM would be impacted by simulated micrometeoroid was ap-

proved. Test data would support rewlution of the CSM's predicted capability
to meet mission safety requirements.

"W_ekly Progress and Problem Summary Report for the Administrator--Skylab Pro-
gram," 5 March 1971.

With the issuance of the Launch Complex 34/37 Phaseout Plan, Skylab Program s
management responsibility for these two launch complexes was terminated. Al-

though use of Launch Complex 37 for Space Shuttle engine testing had been

considered, other options were chosen, and the complexes were to be removed

from NASA operational facilities inventor),.

KSC Scheduling and Review Procedure, 31 March 1971. 1

A meeting was held at MSC to identify the fa=ilities required to support Skylab e
medical preflight and postflight activities. Representatives from KSC, MSC, and

NASA Hq participated. It was determined that the capabilities of the Lunar

Receiving Laboratory and the one-g trainer would be adequate for preflight and
postflight activities when the crew was at MSC. The KSC facilities used to

support Apollo would also suffice; however, minor modificatieus would be re-

quired for plumbing and electrical services, added workbenches, and perhaps
some unique laboratory equipment.

"Weekly Progress and Problem Summary for the Administrator--Skylab Program,"
12 March 1971.

MSFC modified a contract with Chrysler Corporation to authorize additional 10

work in the Saturn IB program. Chrysler was the prime contractor for the first
stage of the Saturn IB, which was assembled at the Michoud Assembly Facility in

New Orleans. Under the current modification, the company would maintain

nine Saturr. IB boosters in storage. Three of the nine vehicles were for the Skylab

Program and would be launched in 1973. Tho_ three, plus a fourth that would

serve as a backup, would be maintained and modified as necessary, under terms of

this contract. Prelaunch checkout of the Skylab vehicles would also be accom-

plished under this modification. The period of performance was from 1 January ':
1971 to 15 August 1973. Skx of the vehicles were located at the Michoud Facility; !
the other three were at MSFC in Huntsville.

MSFC Contracts Ol_ce, MOD MICH--425 to Contract NAS 8-4016 Scheat,le 1,
10 March 1971.

I

Agreement was reached between KSC and MSFC that the Centers would perform lo i_
the Skylab cluster design _'erification tests at KSC and integrate these tests with i

basic prelaunch cluster integrated system checkout activities. In this way the

ORIGINAL PAGE Ib
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1971 development Center would be provided adequate participation, knowledge, and
data to ensure that cluster design verification wa.s accomplished and that require-Morch
mcnts and objectives of both the development Ct:nte_ and the launch operation
Centers would be satisfied.

MSFC/KSC l_,lemorandum of Understanding for Skylab Cluster lntegzated System

Tests, 10 March 1971; letter, Thomas W. Morga,, KSC, to l_|anager, Skylab Pro-

gram Office, MSFC. 16 March 1971.

I1 NASA Hq issued guidelines for the EREP program. Among the guidelines of-

fered were the following:

• Projected cost overruns would be reviewed to determine whether they

could be reduced by acceptable changes in the work package.

• The contingency for each contracted effort would be held to I0 percent.

• The Skvlab Prograna Director would be notified of any change which
exceeded $50 000.

• Consideration would be given by MSC and MSFC to the establishment

of an inter-Center EREP management team.

Letter, William C. Schneider, NASA Hq, to Managers, Skylab Program, MS(2 and
MSFC, "EREP Co.*u," il March 1971.

1v Orbital Workshop vibration test objectives, test article status, test facility prepara-
tion status, and test schedules were reviewed by MSFC and MSC during a test

readiness review prior to a Skylab OWS vibration test at MSC. The review board

concluded, upon re_lution of one test t:onstraint, that the initial run could

proceed on schedule on 19 March.

Memorandum ES6-3/71-027, R. E. Vale, 18 March 1971.

is An inter-Center agreement defining the policies, procedures, and responsibilities
for planning and conducting experiment integration activities at module contrac-

tors' test sites was ,tpproved by Skylab Program Managers Kentteth S. Kleinknecht

(MSC) and Leland F. Belew (MSFC).

MSCM 8010, Program Management Guide, 15 March 1971.

Is A Skylab trainer meeting with representatives from MSC and MSFC reviewed
the delivery _hedule for the maj_r Skylab trainer modules and experiment

trainers, the schedule h_r initial acceptance, and the training hatxtware acceptance

data package requirements. Deliver)' dates were reviewed, and a delivery schedule
established. It was agreed that hiS(: would develop a list of trainer hardware,

identify trainer systems, and develop the trainer acceptance checkout procedures.

The following Skylab training modules would be delivered to MSC: OWS one-g

trai,ler; ,'firloek one-g trainer; airlock zero-g tnfiner; airlock neutral buoyancy
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trainer; airlock one-g s_pport stand; neutral buoyancy deployment assembly; 1971

MDA trainer; ATM one-g trainer; ATM zero-g trainer; and ATM neutral March

buoyancy trainer.

"Minutes of Skylab Trainer Review," 16 Apr;I 1971.

MSC completed a study for the use of uncommitted flight hardware from the lz

Apollo and Skylab programs. The study was limited to low-Earth-orbit manned
minions to be flown prior to the start of Space Shuttle operations in the late

1970s. Ba_ed on various considerations, the study reconunended three missions:

two Earth resources surveys and the Apollo-Soyuz mission. A further study would

be made to detcmline a specific mission for the fourth available spacecraft.

MS(I, "Post-Skylab Missions Summary Report," 17 March 1971; letter, Robert R.
Gilruth, MSC, to Dale D. Myers, NASA Hq, 25 March 1971.

A joint MSFC-MSC-Martin Marietta meeting was held at Denver to discuss _6
Earth resources experintents package testing at Martin Marietta. A test program

with appropriate delivery dates was established compatible with the experiment

integration requirements test specification.

MSFC,, "Weekly Activity Report," 1 April 1971; "Weekly Progress and Problem

Summary for the Administrator--St._,lab Program," 2 April 1971.

NASA Hq i_sued a directive which enal)led the Skylab Program Director to 26

communicate mission objectives and mis,sion requirements to the implementing

Centers and offices. It provided the basic plan identifying programwide objectives

and requirements, listed key operational documents, and stated responsibilities

pertaining to the ke_ docun',ent_. Objectives and requirements for each Skylab
minion were al_) included, as well as detailed instruct,ons for planning and

performing the Skylab experiments.

Skylab Program Directive No. 43A, "Operations Directive," 26 March 1971; "Weekly
Progress and Program Summary for the Administrator_Skylab Program," 2 April
1971.

A Skylab subsystem and experiment review w_ts held at MSC with representatives 29-._0

from NASA Hq, KSC, MSFC, and MSC. Items di_u._sed included the Earth

resources cxperinaent package, integrated testing at KSC, and the problem of
contamination.

MSC, "Weekly Activity Report," 2 April 1971; letters, A. (2. Bond, MSC, to Deputy

Associate Administrator for Manned Space Flight. "Skylab Subsystem Review," 13

April 1971; C. W. Mathews, NASA Hq, to R. R. Gilruth, MS('., and K. H. Debus,

KSC_ "Skylabs Subsystems Reviews," 22 February 1971; E. F. M. Rees, MSFC, _o
G. W. Mathews, 11 March 1971.

Dale D. Myers, NASA A_ociate Administrator for Manned Space Flight, testify- a0

ing before the Senate Committee on Aeronautical and Space Sciences, said that in
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1971 the Skylab Program three separate thrce-num Sk.vhtl) flight crews would be

selected during the condng year. Scientist astt'onattts would be included andMarch
would perform about 50 experiments in various di._'iplincs. Twenty of these

wottld I)e ill the life sCiellCt'.',. 1o dctcrnlin¢ how htltll;.tll I)eiitg,-: adjust and pcrfoml

under conditions of prolonged space flight, up to two mouths' duration. The

._ientist astronauts would al._ operate the Skvlab l'_arth re,tortes experiment
package in the intend space flight phase of NASA's Earth remurces program.

These obmrx'ations would I)e in conjunction with and complementary to those of
the autontated Earth Re._mrccs Test Satellite (ERTS) to be launched in 1972.

U.S. Co,v;ress, Senate, Committee on Acronautieal ahd Space Sciences, NASA Au-

thorL'athm ]or Fiscal Year 1972: llearings on S. 720. 92d Cong., 1st sess., 1971, pp.

140-141, 146.

auan_ McDonneU Douglas, Htmtington Beach, conducted it 90-day experiment with

th, four volunteer crewmen confined in a space station simulator. The purpose of theMonth
space station simulation was to provide an artifici,! environment in which man

could live and work with minim:d stress and cotupromi_ to it normal existence.

Test objectives were met. Medical and physiologic:d data accumulated during the

test wottld mrve as an effective contn_! in future cxi_criments on the long-term

effects of confinement and exl_sure to ;m elevated carbon dioxide partial pressure

atmosphere that would probably be encountered in it long-dttration space flight.

John Hall (90-day crewman), "A Summer Trip to Nowhere-90 Days in Space,"

McDonnell Douglas Paper WD 1591, March 197 !.

as,tit A food heating tray critical design review was conducted at Whirlpool Corpora-

tion. Concert_ wltg expre._ed about the material u_d to cover the tray deck.l

Whirlpool was directed to determine the impact in design, schedule, mad cost to

change the tray deck and tray lid liner to micarta.

MSC, *'Weekly Activity Report." 9 April 1971: MSFC, "Weekly Activity Report,"

1 April 1971.

Martin M:u'ietta, in conjunction with The Boeing Company, was performing

sneak circuit analyms of the AM, OWS, MDA, ATM, CSM, electric;d support

equipment, and instrtnnent unit. Work would be completed in December 1972,

with a fired report in January 1973. Prior work under Apollo identified 91 sneak
circuits. With the greater complexity of Skylab, tile effort was t'oi_.sidered neces-

sary to succe_ful performance of the electrical system.

Sneak circuits were electrical anomolies that would occur as it resuh of abnormal

(unplanned) combinations of comumnds and switch/relay operations ;tnd timing

and ambiguou,_ laheling. They were net component failures/malfutletions.

"Weekly Progress and Problem Sutmnary for the Administrator--Skylah Program,"

9 April i971.
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Space engineers and astronauts studied Skylab Workshop storage facilities in a 1971

review at MSFC. Astronauts taking part performed Workshop activation proce- Apal
dures, reviewing each eompartment's storage areas and running through deactiva-
tion procedures. 12

MSFC Skylab Office, PM-SL-SW-508-71, "Final Review Board Minutes of the

Crew Compartment Storage Review," 7 May 1971.

NASA published a Skylab Launch Readiness and Delivery Schedule which 13

moved the scheduled Skylab launch date from 1 November 1972 to 30 April
1973.

NASA Hq Schedule, 13 April 1971.

Proposed Skylab rescue mission profile requirements were: 15

• The trajectory planning/or a rescue mission would be the same as the

nominal Skylab mission.

• Nominal mission duration from launch to recovery would be limited

to five days.

• The orbital assembly would maneuver to provide acquisition light support
for the rescue CSM.

• The rescue CSM would be capable of rendezvous without very-high-

frequency ranging.

• Landing and recovery would be planned for the primary landing area;
transfer of the crew from the MDA to the CSM would be in shirt sleeves with

no extravehicular activity.

• The KSC rescue launch response time would vary from 10 to 45½ days,

depending on the transpired time into the normal checkout flow.

"Weekly Progress and Program Summary Report for the Administrator--Skylab

Program," 15 April 1971.

Following the results of a review of Skylab windows by MSC, a presentation 16

was made at MSFC. During the presentation, MSC made the following
recommendations.

• Fracture mechanics analyses should be made of all annealed windows.

• Fused silica should be replaced by tempered glass in the OWS wardroom.
• Airlock module windows should be vented inside the cluster.

• The astronaut viewing port should be redesigned.

• All windows should be proof-tested.

Memorandum for record, W. 11. Mann, MSFC, "MSC Presentation on Skylab Win-

dow Review," 5 May 1971. ORIGINM_ pb,Glg I8
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1971 A meeting was held at McDonnell Douglas to discuss plans for the Skylab

Ap,il backup hardware. Representatives from NASA Hq, MSC, KSC, MSFC,
McDonnell Douglas, and Martin Marietut attended. Initial plans ,' "re formu-

19 lated for the flow and testing of backup hardware to meet a lO-month launch

turnaround after Skylab 1, 2, or 3.

MSFC, "Weekly Activity Report," 29 April 1971.

2a MSC was reviewing the design of all Skylab pressure vessels associated with

experiments/subsystems for which MSC had direct responsibility. The review
would lead to a single listing of all hazardous pressure vessels, along with

appropriate configuration, analysis, and test data that would allow evaluation
from the fracture mechanics viewpoint.

Letter, Kenneth S. Kleinknecht, MSC, to Manager, Skylab Program, MSFC, "Skylab

Pressure Vessels," 23 April 1971.

2r A technical design review on the Skylab fire extinguishers was held at the
Southwest Research Institute. No major problems were encountered. The

flight units would be changed before installation--around launch minus 60

days--to limit any possible emulsion degradations.

MSC, "Skylab Program Office Weekly Activity Report," 27 April 1971; "Weekly

Progress and Program Smmnary for the Administrator--Skylab Program," 14 May
1971.

27-2a A review of the coolanol system of the AM was held at McDonnell Douglas.

Representatives from KSC, MSFC, MSC, and NASA Hq attended. It was

agreed that MSFC would implement a 100-percent government inspection of all

coolanol line assemblies and installations; astronaut repair or tightening of nuts

was not feasible, since less than 15 percent of the internal fittings were accessible;

recommendations against the use of leak tracers would be made; ,_dditional

surveys and reviews would be made of vendor facilities, requirements, ,_nd

procedures.

MSFC, "Weekly Activity Report," 6 May 1971.

29 A Skylab rescue kit preliminary requirements review was held at MSC. It was
determined that the rescue kit could be installed in one shift, that suits would

be worn ,*or reentry, and that the center couch would be ballasted for launch.

Studies were being conducted to determine the feasibility of jettisoning disabled

CSM from the axial port.

"Weekly Progress and Problem Summary for the Administrator--Skylab Program,"

7 May 1971,

M.y After a simulated 144-day Skylab mission, the reaction control system engines

were fired at the White Sands Test Facility) to deplete the propellant supply|
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module in a backup deorbit propulsive mode. The firing was made without 1971
problems. Depletion of both oxidizer and fuel occurred at about the same time. May

" Letters, William C. Schneider, NASA Hq, to Associate Administrator for the Office of

Manned Space Flight, "Skylab RCS Test Program at White Sands Test Facility,"

5 May 1971; William C. Schneider to Kenneth S. Kleinknecht, MSC, 10 May 1971.

NASA Hq approved an external TV system for Skylab. The system would use 3

experiment T027 (Apollo telescope mount contamination measurement) pho-
tometer extendable boom to extend a television camera and motorized lens

system through either of the scientific airlocks in the Workshop. The addition of

the camera on the T027 boom would permit observations of targets of scientific

interest, Earth, extravehicular operations, and operations of various spacecraft

assemblies. The previously baselined Skylab color television system would permit

observation of experiments and crew activities and provide virtually unlimited

internal coverage.

MSFC, "Skylab Program Manager's Monthly Review," 3 May 1971.

In the past, NASA policy was to release all air-to-ground voice communications x

to the news media in real time, or as close to real time as practicable. However,

because of the long duration and the medical research aspects of the Skylab

Program missions, deviations would be made to this policy to allow flight crews

to speak privately with their families and on a regular daily basis with the Flight

Surgeon.

Letters, Kenneth S. Kleinknccht, MSC, to Director, Skylab Program, "Private Air-to-

Ground Voice Communication," 7 May 1971; William C. Schneider to Manager,

Skylab Program, MSC, "Skylab Air-to-Ground Communications," 18 June 1971.

An atmospheric leak locator was developed by J. T. Sawyer, MSFC. The 7 ,,d 21

concept, which is based on vacuum sensing, was developed after Martin Marietta
classified 120 potential atmospheric leak locations in the OWS, MDA, and AM

due to such factors as cable penetrations. Martin Marietta submitted a study to

MSFC that determined the adapters that would be required for the device to

sense leakage at various types of cluster penetration points.

"Weekly Progress and Prublem Summary Reports for the AdministratorwSkylab
Program," 7 May 1971 and 21 May 1971.

A full-scale flight hardware meteoroid shield deployment test was performed on

the Workshop flight article. The shield did not deploy fully and took longer than

nominal for the deployment. However, it was concluded that the deployment

would have been successful if performed in orbit. All components of the shield

had previously passed development tests.

MSFC, "Weekly Activity Report," 13 May 1971; "Weekly Progress and Problem

Summary for the Administrator----Skylab Program," 14 May 1971.
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1971 A mission analysis simulation technique was designed to evaluate and optimize
the Earth resources experiment package program. Factors influencing available

Moy
opportunities such ,asorbital parameters, solar lighting at the target, and systems

19 limitations were incorporated in the simulation and analyzed to determine their
effect. The United States was considered as the prime target. Optimization for
various mission parameters, such as orbital inclination, launch time, and launch
date were includeJ. A 50Q inclined circular orbit at 435-km altitude was

analyzed in depth.

NASA TM X-64598, E. H. Bauer and B. S. Perrine, Jr., MSFC, "An Evaluaticn of

Earth Resources Observatlon Opportunities from an Orbiting Satellite," 19 May 1971.

21 A discussion on Apollo-Skylab inflight contamination measurements was held
with representatives from NASA Hq, MSC, and MS_C. Decisions were made
to take the following actions:

• Apollo 15 would use available Apollo equipment for photographic
coverage of liquid venting.

• Apollo 16 and 17 would examine existing capabilities for potential
contributions to contamination knowledge. However, efforts for additional
contamination instrumentation would be discontinued because of cost and

launch schedule impact.

"Weekly Progress and Problem Summary Report for the Administrator--Skylab Pro-
gram," 27 May 1971; letter, Leland F. Belew, MSFC, to Managers, Apollo Space-

craft Program and Skylab Program, MSC, "Apollo 15 Motion Camera Coverage of a

Liquid Venting to Space," 5 April 1971 ; memorandum, William C. Schneider, NASA

Hq, to NASA Directors of Apollo and Skylab Programs, "Apollo-Skylab Contamination
Measurements," 17 May 1971; TWX, Leland F. Belew to John H. Disher, NASA Hq,

Kenneth S. Kleinknecht, J. A. McDivit h and R. W. Kubicki, MSC, "Contamination

Measurements on Apollo," 13 May 1971.

2s MSC initiated a plan for Principal Investigators of Skylab experiments to view
Apollo 15, 16, or 17 mission operations. This would permit them to obtain
necessary exposure to MSC operational procedures before initiation of the
mission operations phase of Skylab.

Letter, Kenneth S. Kleinkneeht, MSC, to William C. Schneider, 25 May 1971.

2s An Orbital Workshop design and development status review was conducted at
McDonnell Doughxs. Incorporation of the cation absorber into the water feed
system was discussed. The pnrpose oi this absorber was to remove the metal ions
released into the water by the _odine depletion reaction. Hydrogen and
potassium exchange resins were tested. The potassium type was selected to
minimize the acidity and corrosiwty of the effluent. Final location of the ab_rber
had not been definitely determined, but preliminary procedures for deactivation
were established. Test results on iodine depletion in the OWS water system
were also reviewed. These results supported an earlier view that the iodine
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Activity at the McDonnell Douglas facility at
Huntington Beach as work progressed on

the Orbital Workshop flight unit.

depletion rate in the system could be dealt with satisfactorily. The onboard 1971
system would provide the capability of replacing the depleted iodine, if it Malt

became necessary, by reinjecting a concentrated iodine solution directly into the

!. water tanks and mixing, sampling, and testing the resultant mixture.

I MSC, "Skylab Program Office Weekly Status Report," 16 June 1971.
r

i
An airlock module review of crew-station-related changes was held at McDonnell l#.,17

Douglas. Some subsystem changes were identified: one for McDonnell Douglas/

MSFC on the AM tape recorder overloading the converters; another for MSFC

to identify a configuration management method for intermodule trainer hardware. ORIGINAIa PAGE Ib

MS(], "$kylab Program Office Weekly Activity Report," 4 June 1971. On _)0R (_U_'

Robert C. Hock was appointed Manager, KSC Apollo-Sk_lab Programs, sue- le
ceeding Thomas W. Morgan. Morgan's reassignment as Vice Commander of

the Air Force Space and Missile Systems Organization, Los Angeles, had been "
announced previously by the Air Force.

KSC Announcement, "Mr. Robert C. Hock Named Manager, Apollo-gkylab Pro-

grams, KSC," 28 May 1971; letter, Kurt H. Debus, KSC, to Robert R, Gilruth, MSC,
I June 1971.

MSC published a document on the trajectory and attitude control sequence of lo
events, data flow, and real-time decision logic for the manned Skylab launch
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1971 phase aborts. Purpose was to ensure compatibility of all related MSC, other
NASA Centers, and supporting contractor activities.

May

MSC Internal Note (MSC-04318), "Preliminary Manned Skylab Launch Abort Mis-

sion Techniques," 28 May 1971.
'y

Ju,o The Medical Research and Operations Directorate at MSC ordered five U.S.

a Army self-contained, transportable, mobile units to be used as a mobile facility
to support Skylab preflight medical operations and experiment requirements.
The facility would be set up and activated at MSC to support Skylab preflight
',ctivities and would be flown to the recovery site for use on board the recovery
_nip to support the immediate postflight medical requirements.

"Weekly Progre'_s and Problem Summary for the Administrator--Skylab Program,"

3 June 1971.

3-4 Representatives from Ames Research Center, Arkon Scientific Laboratories, and
MSC met at Ames to initiate action required to develop a carbon monoxide
sensor for the SkyLabProgram. A two-phase program for developing the sensor
was approved. The first phase was for a unit to be used during the Skylab
medical experiments altitude test; the second was for flight and backup sensors
for Skylab.

Memorandum for record, E. S. Harris and M. W. Lippin, Jr., MSC, "Skylab Carbon

Monoxide Sensor Coordiaation Meeting," 10 June 1971; letter, H. Mark, Ames Re-

search Center, to Robert R. Gilruth, MSC, 21 July 1971.

4 The OWS dynamic test article was oflloaded from the barge Orion at MSFC
where installation of strain gauges and other modifications necessary to support a
structural test program were being made. The dynamic test article was shipped
from MSC on 23 May following completion of the Phase I vibro-acoustic test
program.

"Weekly Progress and Problem Summary for the Administrator---Skylab Program,"

27 May 1971; MSFC, "Weekly Activity Reports," 10 and 16 June 1971; MSFC,

Project Logistics OOice Marine Operating Log, 3 June 1971.

The MDA dynamic test article was completed at Martin Marietta on 3 June,
well ahead of the contractual delivery date. Following an acceptance review of
the dynamic test article, it was flown by Guppy aircraft to MSC where it was
prepared for stacking and testing.

"Skylab Program Engineering Weekly Status Report," 9 June 1971; "Weekly Prog-

ress and Problem Summary for the Administrator--Skylab Program," 21 May 1971;

MSFC, "Weekly Activity Report," 10 June 1971.

_-x In a start toward building o:'bital space stations, the Soviet Union's manned
Soyuz 11 linked with the space laboratory Salyut 1, launched two weeks earlier,
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and three cosmonauts from Soyuz II went aboard the Salyut. The combined 1971
craft formed a vehicle 18.2 m long, 3.6 m in diameter, and weighing 20.4 metric Jun*

tons (22.5 U.S. tons). The Russian news a._ency Tass declared that "a Soviet
manned orbital scientific station is functioning." The linkup climaxed a chase

through space lasting more than 25 hours. Salyut 1 was launched 19 April and

Soyuz 11 on 6 June for the 7 June linkup. The three cosmonauts aboard were

Viktor Patsayev, Vladislav Volkov, and Georgy Dobrovolsky.

Associated Press, Huntsville Times, 7 June 1971, p. I.

A Skylab weight teleconferel;ce was held with representatives from NASA Hq, e

KSC, MSFC, and MSC participating. During the conference, a weight control
limit of 86 000 kg was imposed.

, TWX, William C. Schneider, NASA Hq, to Leland F. Belew, MSFC, Kenneth S.
Kleinknecht, MSC, and R. C. Hock, KSC, "Weights Telecon on June 8, 1971," 10

June 1971 ; "Skylab Program Engineering Weekly Status Report," 16 June 1971.

During a Manned Space Flight Management Council Meeting at MSFC, it was 9

decided tc retain a 10-month reaction time requirement for a backup Workshop

launch. To accomplish this schedule, the backup OWS, MDA, AM, and payload
shroud would be delivered to KSC upon completion of manufacture and

manufacturing verification. Acceptance testing would be performed at KSC.

TWXs, William C. Schneider, NASA Hq, to Leland F. Belew, MSFC, Kenneth S.

Kleinkneeht, MSC, R. C. Hock, KSC, et al., "Skylab Workshop Backup Hardware,"
23 June 1971; William C. Schneider to Leland F. Belew, Kenneth S. Kleinknecht,
and R. G. Hock, "Skylab Workshop Backup Hardware," 7 July 1971.

MSC was requested to provide preliminary a_essment of the technical feasibility 14

of Earth resources technology satellite (ERTS) and EREP proposals and to

support evaluation panels that were being organized to review ERTS and EREP

proposals. Between 11 March and 14 June, MSC had evaluated 239 proposals

and submitted reports on them to Headquarters.

Letters, Dale D. Myers, NASA Hq, to Robert R. Gilruth, MSC, il March 1971;
Robert R. Gih'uth to Dale D. Myers, 7 May 1971; J. M. DeNoyer, NASA Hq, to
MSC Dii-::tor t;f Science and Applications, "Additional Guidelines for OMSF Center
Involvement in EREP Proposal Evaluation and Implementation," 3 June 1971;

Robert R. Gilruth to Dale D. Myers, 14 June 1971; TWX, William C. Schneider,

NASA Hq, to Skylab Program Managers, MSC and MSFG, 11 June 1971.

In an exchm_ge of letters between MSFG and MSC, agreement was reached for 14-_v

_,_ the maximum use of MSG's existing facilities for MSFC's manned altitude
chamber tests. ::

Letters, G. A. Berry, MSC, to O. D. Hopson, MSFG, 14 June 1971; W. R. LucM, i_
MSFG,to C. C. Kraft,Jr.,MSG, 17June 1971. i

235 :.

ii

r ?, "

"119/tSOOOOO 1 /t4/



SKYLAB: A CHRONOLOGY

1971 John L. Disher, Deputy Director of the NASA Skylab Program, approved a
Jone configuration control board change which would provide the capability to switch

control of the Skylab vehicle back to the instrument unit alter the initial transfer

16 to the Apollo telescope mount digital computer control. The current configura-
tion would preclude a switchboard and prevent the use of the IU control system

: should problems arise during the first critical hours of active ATM DC control.

Concern over the inability to make the switchback was constantly expressed by
MSC because unexpected previously unidentifiable failures occurred during
actual flight in every computing system used--e.g., lunar module guidance
computer, command computer IU, real-time computer complex, and the
Gemini computer.

Letters, Kenneth S. Kleinknecht, MSC, to William C. Schneider, NASA Hq, "ATMDC
to IU Switchback Capability," 25 March 1971; William C. Schneider to Skylab Pro-
gram Managers, MSC and MSFC, "ATMDC to IU Switchback," 13 April 1971,
memorandum, F. S. Roberts, NASA Hq, to Dist., "Minutes of Level I CCB Meeting,"
16 June 197:3; memorandum for file, John H. Disher, NASA Hq, "ATMDC to IU
Switchback," 17 June 1971.

17 The Office of the Comptroller General prepared a report on the analysis of
estimated cost changes for the Skylab Program. The system used by NASA to
cost the program, as well as the rationale for the changes, was contained in the
report.

Letter, E. B. Staats, U.S. Comptroller General, to J. C. Fletcher, NASA Hq, 17 June
1971.

17 An optical efficiency problem was reported in the Naval Research Laboratory
ATM flight instrument at Ball Brothers Research Corporation. A failure analysis
review attended by experts from Bausch & Lomb, Ft. Belvoir, Virginia, Goddard
Space Flight Center, Naval Research Laboratory, and MSC concluded that
failure was due to the "Purple Plague," an alaminum coating overcoating on
gold. An alert would be released by Goddard for dissemination throughout
NASA and the Air Force to preclude further use of this particular method of
coating optics.

"Weekly Progress and Problem Summaries for the Administrator--Skylab Program,"
97 May and 17 June 1971; MSFC, "Weekly Activity Reports," 26 May and 3 June
1971.

1_ Vibration testing was succe_fully completed on the ATM vibration unit at
MSFC. Following testing, the unit was prepared for shipment to MSC where
it would be used in the payload assemblyvibroacoustic test.

MSFC, "Skylab Program Office Weekly Activity Report," 22 June 1971.

24 A study indicated that if the Skylab airlock could not be used for a normal

extravehicular activity, contingency modes were l_s_ible. One would be a
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

two-man EVA to the ATM using oxygen, water, and electrical umbilical 1971

connections in the structural transition section of the airlock. Another possibility j,,,
would be a one-man EVA from the CM. Selection of a contingency EVA mode
would depend on the failure that prevented the nominal operation.

W. W. Hough, "Contingency EVA on Skylab, Case 620/' Bellcomm Study, 24 June

1971.

Authority to proceed on the calibration rocket program was given by NASA to 2s
determine the amount of degradation of Harvard College Observatory and
Naval Research Laboratory experiment data to be expected during the Skylab
mission. Degradation due to decrease in mirror reflectivity, changes in photo-
graphic fihn sensitivity, gamma and background foggihg, and aging of filters
and gratings could cause misinterpretation of the solar data. To improve data
evaluation, sounding rocket launchings during the mission were proposed, to carry
instruments similar to those in the ATM and calibrated to a known light source.
These instruments would be pointed to some of the same solar areas as were the
ATM and the returned data would be compared to the ATM data.

Letter, William C. Schneider, NASA Hq, to Kenneth S. Kleinknecht, MSC, et al.,
25June1971.

The astronaut life support assembly first-article configuration inspection was Ju,, 29-

conducted at AiResearch Division, Garrett Corporation. No major problem July I
areas that could affect the hardware design were noted. First-article acceptance
testing was completed. The only problem of significance that had appeared
during the testing was excessive leakage of the high-pressure oxygen regulator
in the secondary oxygen package. AiResearch replaced the regulator before
completion of acceptance testing on this unit. The astronaut life support assembly
appeared to be in satisfactory condition.

MSC, "Skylab Program Office Weekly Activity Report," 6 July 1971.

George M. Low, NASA Deputy Administrator, expressed regrets over the deaths Ju,,

of three cosmonauts, Georgy Dobrovolsky, Vladislav Volkov, and Viktor Patsayev. so
Low speculated that Russia's worst space tragedy was caustd by failure of the
spacecraft. He said that he did not anticipate any changes in the Skylab Program
because of the accident. The accident occurred as the three cosmonauts were

returning to Earth in Soyuz 11 from a record of nearly 24 days in space in the __.,,_/_ ]_AOal_1_
¢tlJ,t '

world's first manned orbital space laboratory. O_ pO0_

N.A,gA Activities, 15 July 1971, p. 107.

The Spacecraft Acoustic Test Laboratory of the Vibration and Acoustic Test Jumy
Facility at MSC was modifiedon a temporary basis to accommodate specific test 7

requirements for the Orbital Workshop and payload assembly. However, because
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1971 of the exceptioa.,A quality of the Facility's performance, it would appear desirable
to maintain the Facility in an operational status to provide acoustical testJuly
facilities for the Space Shuttle and space station base programs.

Letter, Kobert R. Gilruth, MSC, to Dale D. Myers, NASA I-tq, / July 1971.

_v The final Skylab subsystem review was conducted in Washington. These reviews,

which began 17 November 1970, were an in-depth look at the Skylab subsystems

by NASA top management. NASA Hq set the requicement for these following
the Apollo 13 Accident Review Board recommendation to ensure that the Skylab

mission had adequate safety and reliability in its development. All formal action
items from the previous reviews were closed out at the meeting.

"Skylab Subsystem Review Action Item Response," 8 July 1971; "Weekly Progress
and Problem Summary for the Administrator--Skylab Program," 15 July 1971 ; letter,

A. C. B .... , MSC, to Deputy Associate Administrator of Manned Space Flight,
"Sky,_ab Subsystem Review, July 8 and 9, 1971," 29 July 1971.

14 An Orbital Workshop wardroom window design review was held at McDonnell

Douglas. McDonnell Douglas presented a design concept for a tempered-glass

protective interior shield for the wardroom window. MSFC representatives dis-

cussed the possibility of adding a pre_ure plate to protect the window from

interr.al damage and to limit the delta pressure across the glazings.

MSC, "Skylab Program Office Weekly Report," 23 July 1971.

Work is shown in progress as
the fixed airloek payload
shroud flight unit nose
cone is mounted following
installation of electrical,
ordnance, and air condi-
tioning components at the
McDonnell Douglas plant,
Huntington Beach.
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Representatives from NASA Hq and MSFC attended a briefing at the Goddard 1971
Space Flight Center on contamination problems in unmanned spacecraft. Causes July
and cures for inflight contamination effects such _LSunwanted light scattering,

ice formation, and high-voltage corona were discussed. The discussions were is

based on experiences with the Orbiting Astronomical Observatory, Orbiting

Solar Observatory, and Nimbus programs. Suggestions for preventing similar

contamination problems on Skylab were discussed.

"Weekly Progress and Problem Su.nmary for the Administrator--Skylab Program,"

15 July 1971; letter, Leland F. Belew, MSFC, to Managers of Apollo and Skylab
Programs, MSC, "Background and Justification for Apollo 16 Skylab Data Rec_uest,"
10 September 1971.

; The official Skylab launch and mission designations were announced: 16

Acceptable for use outside NASA Acceptable [or

and for nonoperational NASA use operational use

Launch Mission

Workshop launch SL-1 } SL-1/SL-2First manned visit SL-2

Second manned visit SL-3 SL-3

Third manned visit SL-4 SL--4

Memoranda, Dale D. Myers, NASA Hq, to Assistant Executive Secretary, "Naming of
the Skylab Missiens," 7 May 1971; George M. Low, NASA Hq, to Associate Ad-

ministrator for Manned Space Flight, "Naming of Skylab Missions," 18 May 1971;

Dale D. Myers to George M. Low, "Naming of Skylab Missions," 7 June 1971; Wil-
liam C. Schneider, NASA Hq, to Public Affairs Officer for Manned Space Flight,

"Naming of Skylab Missions," 16 July 1971; letter, William C. Schneider to Dist.,

"Skylab Launch and Mission Designations," 1 July 1971.

NASA approved the award to The Boeing Company of a contract modification 16

for systems engineering and integration work on the Saturn V launch vehicle.

The modification would extend Boeing's integration work through 31 December

1972. The basic contract began in September 1964. Included in the modification

was work on requirements for Saturn V vehicles that would launch the remaining

Apollo hmar exploration missions (Apollo 15, 16, and 17) and the Skylab

Program's Saturn Workshop. Boeing's systems engineering and integration work
at the time of this modification award included requirements and documentation

for presettin_ for onboard computers that determined launch events, propellant

loadings for all three vehicle stages, vehicle stractura! integrity, expected heating

environments, range safety, trat:king and communication data, and postflight

reconstruction of launch data. Boeing was also MSFC's contractor for manu-

facture and testing of the first (S-IC) stage of the Saturn V.

MSFC Contract Office MUD 492 to Contract NAS 8-4608, Schedule 11, 16 July
1971.
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SKYLAB: A CHRONOLOGY

1971 An airlock module management meeting was held at McDomtell Douglas.
Electrical fabrication and coolant loop design problems were in tile process of

July
being solved. A seven-day workweek w_ being continued to meet schedulE.

20

"Sky|ab Program Engineering Weekly Status Report," 27 July 1971; MSFC, "Weekly

Activity Report," 28 July 1971; "Weekly Progress and Problem Summary," 29 July
1971.

a7 A study was made to determine if the Super Gu'ppy aircraft was capable of flying
the combined airlock-muhiple docking adapter ar,,t ground support equipment
from St. Louis to KSC. The study revealed that the Guppy capabilities were
exceeded by over 1800 kg. McDonnell Douglas and MSFC were considering
shipment by barge. This would, however, delay delivery by 10 days.

"Weekly Progress and Prt,blem Summary," 29 July 1971. "Skylab Program Engineer-
ing Weekly Status Report," 27 July 1971.

27 The U.S. Geological Survey submitted to NASA a formal investigative proposal
defining studies to be accomplished using photography acquired with the Earth
terrain camera on Skylab missions. MSC and MSFC would review the proposal
to ensure compatibility of the requirements as outl;ned.

Letter, William C. Schneider, NASA Hq, to Kenneth S. Kleinknecht, MSC, 27 July
1971.

August In response to specific queries concerning the Skylab biomedical experiments

a program, the following response was made:

• Flight schedules and long lead times would make it virtually impossible
for an additional investigator to meet schedule requirements, if the flight hard-
ware required an interface with the spacecraft.

• Self-contained biomedical experiments that did not require such an
interface would still be considered.

• Biomedical experiment proposals should be submitted to Director of Life
Sciences, NASA Office of Manned Space Flight, Washington, DC.

• Proposals should l;e submitted on NASA Form 1346, "Experiment
Proposal for Manned Space Flight."

Letters, Walter F. Mondale, U.S. Senate, to Robert R. Gilruth, MSC, 15 July 1971;

Robert R. Gilruth to Walter F. Mondale, 2 August 1971.

5 MSC surveyed equipment and experiment.s aboard Apollo 16 and 17 which
might make contamination measurements umful to Skylab. In addition to
command m_dule cameras, Apollo 16 would carry a mags spectrometer and
Apollo 17 would carry a far-ultraviolet spectrometer and an infrared scanning
radiometer. These might be able to provide contamination data.

"Skylab Program Olfiee Weekly Progress and Problem Summary," 5 August 1971,
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GeorgeM. Low recommended: 1971

August
• Periodic examination of deviations from planned test flow for all flight

hardware to ensure that only a minimum number of deviations from t.heuse of 6
flight hardware in testsbe permitted.

• Periodic review of the changes r,quested by users (flight crew and flight
operations personnel) that were turned down, to ensure that when viewed as a
total package the "turn downs" were still valid.

• Periodic meetings with flight crews in which they could express their
overall views concerning the Skylab Program.

Recommendations were made following a program discussion with astronauts.

Memorandum for the record, George M. Low, NASA Hq, "Skylab Discussion with
Pete Conrad," 6 August 1971.

The acoustics portion of the vibroacoustic test at MSC began on the Skylab
payload assembly which consisted of the airlock, multiple docking adapter, and
payload shroud test articles.

MSC, Schedules and Statu_ Summary Report, 31 August 1971.

Proposals were made at an OSSA-sponsored meeting at Goddard Space Flight 11
Center on methods for managing ERTS and EREP programs. One proposal
w,xs that both ERTS and EREP contracts be managed by NASA Centers on a
regional basis because of the scope and magnitude of the progcams. However,
MSC felt that, since the overall program management and operational responsi-
bility belonged to MSC, it should be responsible for all the major contracts
associated with EREP.

Letters, Robert R. Gilruth, MSC, to Dale D. Myers, NASA Hq, 11 August 1971;

Dale D. Myers to Robert R. Gilruth, 22 Septemher 197l.

An in-resident Orbital Workshop tc_t team was established at McDonnell 11
Douglas, Huntington Beach, by MSFC. The team's purpose was to provide
timely programmatic and technical interface with, and responseto, the contractor
in matters relating to hardware design, development, qualification, manufacture,
and checkout. William K. Simmons, Jr., MSFC Orbital Workshop Project
Manager, was appointed leader of the team whose members represented the
various MSFC techaicai di_iplines. Because of the significant number of MSC
operational and hardware interfaces with the Workshop, MSC assigned James
C. Shows and Richard H. Truly _ members oI the team.

Letter, Lel.and F. Belew, _,ISFC, to MDAC-W, I1 August 1971; George C. Marshall
Space Flight Center Charter, MM1142.2, "Orbital Workshop Task Team," 11 August
1971.
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1971 The American Institute of Aeronautics and Astronautics devoted a major portion

of the June issue of their journ,'d to ,articles on the Skylab Program.August

19 Letter, William C. Schneider, NASA Hq, to Members of the Skylab Scientific Inves-
tigations Team, 19 August 1971.

2s Concern w,as expressed that the material to be used for the top of food tra)_ in

the Skylab ,ardroom was still not selected six week_ after a decision was made

to ch,_nge the material. Subsequently, it was reported that a material, polyamide,

had been selected by food tray contractor Whirlpool Corporation and that efforts

were underway to procure the material.

MSC, Skylab Program Ot_ce Manager's Staff Meeting, K. S. Kleinknecht, MSC, 23
August 1971.

27 Missions still under consideration for the immediate post-Skylab period included

the following:

• An independent CSM mL_ion for Earth observations.

• An independent CSM mission for rendezvous and docking with the

U.S.S.R. Salyut spacecraft.
• A combination of the above.

• Use of the Skylab backup CSM to conduct a cooperative docking with
the Salyut vehicle and thereafter carry out a fourth visit to Skylab. This mission

would occur approximately 18 months after the launch of Skylab.
• A second Skylab supported by two 90-day CSMs and a rescue vehicle.

Letter, P. E. Culbertson, NASA Hq, to R. A. Berglund, MSC, 27 August 1971.

3o A study was conducted at MSFC on the effects of various pitch attitudes at the

time of the Skylab payload shroud jettison on the possibility that the shroud
would collide with the Skylab at a later date. Based on the study, a 10-degree

attitude error constraint on a 90-degree-pitch (nose down) shroud separation

attitude was recommended to preclude such a collision.

Letter, B. S. Perrine, Jr., MSFC, to Dist., "Effect of the Skylab/Shroud Recontact

Analysis," 30 August 1971.

31 A review of the Orbital Workshop waste management subsystem was held at

McDonnell Douglas. Recent design changes to the urine sample tray were

accepted. A test was established, at the request of MSC, which would subject

the production system hardware to flight conditions for a period of 56 days.

MSFC, "We_kly Activity Report," 1 September 1971.

al A Skylab food subsystem management plan was agreed to by Charles A. Berry, '
M.D., MSC Director of Medical Research and Operations; Maxime A. Faget,
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MSC Director of Engineering and Development; and Kenneth S. Kleinknecht, 1971

MSC Skylab Program Manager. In the plan, the Medical Research aqd Opera- &uglier
tions Directorate would provide the technical management for the Government-

contractor team in planning, development, procurement, and integration of the

food subsystem, including ancillary equipment, within constraints and guidelines

of the Skylab Program.

MSCM 8010, ProgramManagementGuide, 31 August 1971.

Cold weather environment tests began at the Climatic Laboratory, Eglin Air September
Force Base, Florida, on the performance of the Skylab command module 8-30
postlanding and recovery systems. Because Skylab flights would be launched on

a 50-degree inclination, the spacecraft Would paxs over regions of the Earth

considerably colder than experienced before. Tests would determine the cold

weather limitations of the crew and command module should an emergency
or major system malfunction force the spacecraft to land in these areas.

MSC News Release 71-70, 17 September 1971; Kenneth S. Kleinknecht, MSC,
"Manned SpaceFlight Program Status Review,"6 October 197I.

Skylab crewmen would wear soft suits on reentry for both regular and rescue is
missions in order to provide stowag_ space for maximum data return. All avail-

able stowage space in the command module would be needed for film, experiment

samples and specimens, flight data files, life support equipment, and suppl!es, i

Note, Willianl C. Schneider, NASA Hq, to Dale D. Myers,NASA Hq, 13 September
1971.

A multiple docking adapter crew compartment storage review was held at 13-11'

Martin Marietta. Representatives from NASA Hq, KSC, MSFC, MSC, and
Martin Marietta attended. It was anticipated that three or four review item

discrepancies, which would cause only minor impact, would be submitted on the
MDA,

Immediately following the MDA crew compartment stowage review, the MDA

one-g trainer final acceptance review was held.

MSFC, "Weekly Activity Report," 21 Septenlber 1971; "Minutes of the MDA 1-43
Trainer Pie-ShipmentAcceptanceReview," 15-17 September 1971.

An Apollo tel_cope mount final acceptance review for the ATM one-g and 14

zero-g trainers was held at MSFC. Representatives from MSC, MSFC, Martin

Marietta, and Brown Engineering Company attended. The trainers were

scheduled for shipment, with an arrival date at MSC of 12 October.

Letter, Leland F. Belew,MSFC, to Manager,SkylabProgranl,MSC, "ATM Trainer
Acceptance,"22 October 1971; "Minutes of SkylabAcceptanceMSC/MSFC,"A. R.
Morse, MSFC,and T. U. McEhnurry,MSC, 14September1971.
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I 1971 James C. Fletcher, NASA Administrator, described planned Skylab mission
medical research in an address before the Utah State Medical Association:

September
. . . we will be looking far with a ,_trong impact on the future of manned

is space flight during the remainder of this century." Major questions as yet
'" unanswered after Gemini and Apollo flights were the causes of moderate loss

of weight by astronauts early in flight, moderate cardiovascular deconditioning,
: moderate loss of exercise capacity, and minimal loss of bone density. Medical

results from Gemini and Apollo missions had shown: "1. There were no major
surprises. 2. As of now, we see no reason why man cannot live and work
effectively in space for a long period of time. 3. Man seems to adapt to space
flight more easily than he does to Earth's environment after returning from
space."

: James (3. Fletcher, NASA Hq, address before the Utah State Medical Association,
15 September 1971.

Is An inter-Center agreement was approved by _kylab Program Managers Kenneth
S. Kleinknecht (MSC), Robert C. Hock (KSC), and Ldand F. Belew (MSFC)

covering the use and control of acceptance checkout equipment-spacecraft for the
checkout of Skylab 1 payloads.

KSC Management Instruction 1058.2A, 15 September 1971.

23 A contract for the construction of an Apollo telescope mount clean room at
KSC was awarded to the Holloway Corporation.

KSC, "Weekly Progress Report," 1 October 1971.

23 A policy letter which identified the essential roles and responsibilities of Skylab
Center organizations and Principal Investigators in the development of Skylab
experiments was published by NASA Hq.

Letter, William C. Schneider to Skylab Program Managers, MSFC, MSC, and KSO,
and Directors, Ames Research Center and LaRC, "Skylab Policy Relative to the Rela-
tionship and Responsibilities Between Skylab Principal Investigators and Skylah Center
Organizations," 23 September 1971; "Skylah Program Engineering Weekly Status

Report," 29 September 1971.

24 The Skylab payload shroud (nose cone) was accepted by MSFC from McDonnell
Douglas Astronautics Company. The shroud, 18.2 m long and 6.7 m in
diameter, weighed almost 12 000 kg and was the first major piece of Skylab
hardware to be delivered to NASA.

NASA Hq News Release 71-182, 22 September 1971; MSFC, "Schedules and Status
Summary," 30 September 1971.

2v NASA announced assignment of Robert O, Aller, Manager of Space Station
Operations, Space Station Task Force of Officz of Manned Space Flight, to the
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Skylab Program Office as Director of Operations. Aller would be responsible for 1971
coordination and development of operationally related program and mission
planning activities. September

NASA Hq, "Weekly Bulletin."

The crew compartment stowage review for the airlock module was held at the September29-

McDonnell Douglas facility in St. Louis. Several crewmen attended the review. October 1

MSFC, "Skylab Weekly Activity Report," 5 October 1971.

Corrective measures were being incorporated into the Apollo telescope mount as 30

a result of the prototype thermal/vacuum test being performed in the MSC Space
Environmental Simulation Laboratory September-December 1971. A number

of anomalies unidentified in previous component system or subsystem tests were
identified. Unlocated, the anomalies could have had serious impacts on ATM
orbital operations.

Letter, Eugene H. Cagle, MSFC, to James C. McLane, Jr., MSC, 7 March 1972.

An OWS shower design review was completed at MSFC. Representatives from October

NASA Hq, MSC, KSC, MSFC, and McDonnell Douglas attended. Although s
the design appeared acceptable, programmatic problems such as stowage, program
requirements, and the McDonnell Douglas installation schedule were evidenced.

MSFC, "Weekly Activity Report," 14 October 1971 ; letter, Leland F. Belew, MSFG_

to Director, Skylab Program, NASA Hq, "Skylab Whole Body Shower," 19 October
1971.

During an Advanced Applications flight experiments (AAFE) review at Langley, s-_

Principal Investigators gave interim status reports on experiments already in the
AAFE Program. Representatives from NASA, other Government agencies, and

participating universities and industries attended. Reports were divided into the

following areas: Earth-resources survey; connnunications; meteorology; naviga-

tion/trafiic control; applications technology; and geodesy, Earth physics, and
physical oceanography.

"Interim Progress Reports AAFE P.I. Review," 5-6 October 1971.

Training mockups of several cotnponents of the Skylab spacecraft arrived at _te

MSC. The Orbital Workshop and the Apollo telescope mount arrived aboard

the NASA barge Orion. The shipment also included the multiple docking

adapter exterior shell and it portion of the airlock module mockup. The AM

one-g trainer had arrived previously at MSC on a contingent of six trucks. The

trainers and hardware were scheduled for use by MSC in training prospective
Skylab crewmen for missions.
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1971 MSFC, "Skylab Weekly Activity Report," 26 October 1971; MSC, "Weekly Activity
Report," 15 October 1971.

October

a Personnel and equipment from other countrie., were being utilized in the Skylab
Program. K. Pounds (United Kingdom), M. Oda (Japan), and M. C. Pande
(India) were endorsed a_sground-based observers in connection with the ATM.
Proposals for participation in Earth resources were anticipated from Canada,
Argentina, Chile, India, Iran, Japah, Thailand, Belgium, France, Germany,
Greece, Switzerland, and the United Kingdom.

Numerous small articles of equipment such as zippers and lenses were obtained
from England, Switzerland, Germany, and Monaco. Cameras were obtained
from Sweden and Japan. Glass for the multispectral photography window came
from Japan. Rockets used for ATM calibration flights were obtained from
Canada.

Memorandum, William C. Schneider, NASA Hq, to R. Littlefield, NASA Hq, "Inter-
national Contributions to Skylab Program," 8 October 1971.

a Over 700 requests to participate in EREP and ERTS experiments were received
by NASA; 280 required EREP data or both ERTS and EREP data. Of these,
150 were selected for inclusion in an EREP mission compatibility study being
conducted at MSC. A list of the tentative investigations included proposers from
28 states and 12 countries. About one-third of the investigators were from Fed-
eral or state governments, one-third from universities, and one-third from industry
and foreign governments.

Memorandum, Dale D. Myers, NASA Hq, to the Administrator, "Earth Resources
Experiment Package (EREP) Investigation," 8 October 1971.

a A formal certification program was being instituted at TRW and McDonnell
Douglas to ensure that the technicians, inspectors, and engineers involved in set-
ting adjustments and clearances, installing ordnance, Jr stacking the array after
each deployment in the development and qualificatioh of the solar array system
was properly certified. Backup personnel would also be trained and certified to
ensure a continuity of expertise.

Letter, William C. Schneider, NASA Hq, t,, £1_ylabProgram Manager, MSFC, "Solar
Array System," 8 October 1971.

ao To provide protection against syst,: ailure from the SL-1 launch through the
first 56-day mission, it would be ,sary to retain prelaunch preparation and
launch capability through comF-!: 3f the second n_anned mission. The elapsed
time from the SL-1 launch throu_, the seco,:_, manned mission would be about
5 months.

Memorandum for record, John H, Disher, NASA Hq, 20 Ot:t,3)cr 197 I.
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ERTS and EREP investigations were assigned to Goddard Space Flight Center 1971
and MSC for negotiations and award of contracts by NASA Hq. In general, the November
ERTS investigations were assigned to Goddard, the EREP investigations to MSC.
At the same time, general guidelines were established for all ERTS/EREP I
proposals.

Letter, Dale D. Myers and J. E. Naugle, NASA Hq, to Robert R. Gilruth, MSC,

"Guidelines /or ERTS and Skylab EREP Investigations," 1 November 1971.

A Skylab rescue vehicle preliminary design review was held at North American _
Rockwell. The anticipated reentry mode for the rescue vehicle would be with the
crewmen suited, thus providing additional return stowage volume for program-

critical items. North American would define the return volume and loading avail-
able, while MSC would identify the returnable program-critical items. The
rescue command and service modules would be designed for both suited and un-
suited reentry and /or axial and radial docking. The rescue kit would include
provisions for the return of five men.

MSC, "Skylab Program Office Weekly Activity Report," 12 November 1971.

The Skylab menu, in addition to being the most palatable menu carried into lo

space, was also designed to meet the requirements and objectives of an important
series of medical investigations. Whirlpool Corporation was under contract to
produce the approximately 20 000 man-meal equivalents for the Skylab Program.
The food system was designed to maintain a calorie level of between 2000 and
2800 calories and to provide the minimum dietary allowances of protein, tat, car-
bohydrate, minerals, and vitamins recommended by the National .kcademy of
Sciences.

MSC Project Document 72-2049, 10 November 1971; MSC News Release 72-155;

memorandum, C. A. Berry, MSC, to Chairman, Facilities Review Board_ "Interim
Food Bonded Stowage Facility," 14 October 1971.

A test and checkout requirements specifications documents review was conducted IO-12
at MSFC.

• The test requirements for the OWS, AM, MDA, and test and checkout
requirements specifications documents were agreed to.

• An approach to define the all-systems test sequence was tentatively agreed
to by MSFC and KSC.

. OWS, AM/MDA, and integrated test and checkout requirements specifi-
cations documents would be republished, with distribution scheduled for mid-
December 1971.

"Skylab Program Engineering Weekly Status Report," 17 November 1971.

An acceptance review of the ATM experiment training hardware was held at I1
MSFC. MSC representatives participated in the review. Following the review, ,i
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SKYLAB: A CHRONOLOGY

1971 the hardware was shipped to MSC for crew familiarization in preparation for a

November multiple docking adapter crew compartment fit and function review.

MSFC, "Weekly Activity' Report," 10 November 1971.

1! A test readiness review for the payload assembly high-force vibration test was held

at MSC. The review board concluded that tile facility-test article was ready for

test. The main objective of the test would be verification of the payload shroud

primary _md secondary structural integrity.

MSC, "Skylab Program Office Weekly Activity Report," 19 November 1971.

is NASA Hq announced formation of a Manned Space Flight Team to conduct a

midterm review of the Skylab Program. The objectives were to assess the validity

of the Skylab Program phm in terms of scope of work planned and its relation to
schedules and resources; validate the runout cost with a new estimate of resources

required to completion; and make management and technical recommendations

as required. The Team was scheduled to complete its work in late December

1971. A report would be made to the Mamaed Space Flight Management Coun-

cil in January 1972.

Letter, Dale D. Myers, NASA Hq, to Robert R. Gilruth, MSC, 15 November 1971;

memorandum, William C. Schneider, NASA Hq, to Kenneth S. Kleinknecht, MSC,
Ldand F. Belew and R. G. Smith, MSFC, and R. C. tl_ck, KSC, "Skylab Mid-Term

Review Task Team," 24 November 1971 ; letter, Williatn C. Schneider to Kenneth S.

Klelnknecht, 24 November 1971; plan, J. P. Field, Jr., NASA Hq, "Skylab Mid-Term

Review Plan," 23 November 1971.

a3 The MDA/EREP systems integration testing was completed at Martin Marietta.

The testing included all individual sensors, EREP systems functional verification

tests, and EREP simulated data p,xss verification tests. Test data were under
evaluation.

MSC, "Skylab Program Office Weekly Activity, Report," 3 December 1971; MSFC,

"Weekly Activity Report," 29 November 1971.

26 MSFC awarded Chrysler's Space Division a contract modification for additional

work on S;,turn IB launch vehicle booster stages. The contract extension would

run through 31 January 1974. The additional work was to refurbish four S-IB

booster stages that would be used in the Skylab Program in 1973. The fourth ve-
!

hicle (SA-209) would be ,assigned as a backup. All four stages had been in stor-

age for several years. The major portion of the work would be removing the

stages from storage, preparing them for deliver}, to KSC, and providing launch

support to them througaout the Skylab launch readine_ period, which would end

in early 1974. Most of the work would be done at the Michoud ,&ssembly Facility
in New Orleans, but some work would be done at MSFC.

MSFC Contracts Office MOD MICH 465 to Contract NAS ti-4016, Schedule I,
26 November 1971.

t'
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The overall interiorof the crew quarters area in the Skylab High Fidelit7 mockup,
at McDonnellDouglas,HuntingtonBeach, where the Workshopwasfabricated.
The sleep compartment is at the right, waste managementcompartmentin thecenter,and the wardroomat left.

MSFC amended a contract with General Electric Company to allow modifica- 1971
tions for support of the Skylab Program. The contract change would be cont-

pleted by 1 April 1972. The new work included the manufacture and delivery of November

modification kits for the reconfiguration of ground support equipment at KSC's 29
Launch Complex 39 to provide a Saturn IB launch capability for Skylab.

MSFC Contracts Office, MOD 49 and MOD 51 to Contract NAS 8-25155, 29 No-vember 1971.

A customer acceptance readiness review of the OWS food heating tray was held November 30-
at Whirlpool Corporation, Benton Harbor, Michigan. No significant problems

were encountered. Previous problems of heat transfer and possible flammability December 1were solved.

MSC, "Skylab Program Office Weekly Activity Report," 3 and 10 December 1971.

NASA Hq established procedures for documenting the existence of significant Oct,robe,
technical problems in flight hardware and associated ground support equipment
and for providing technical support for their resolutionfor each Skylab mission 6 "_
from initiation of integrated systems tests through minion completion. '!
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SKYLAB: A CHRONOLOGY

197] Skylab Program Directive No. 56, "Technical Support f_r Resolving Significant Tech-
nical Problems From Initiz.tion of Integrated ,/ystem Test Through Mission Com-

December pletion," 6 December 1971.

z-lo A Skylab MDA crew compartment fit and function review was held at Martin
Marietta to Iamiliarize astronauts with MDA equipment and storage problems.
The review was conducted in four parts: a bench review, a vertical upper plat-
form review, a vertical lov er platform review, and a horizontal configuration
review.

MSFC, "Weekly Activity Report," 8 December 1971; MSC, "Skylab Program Office

Weekly Activity Report," 17 December 1971; letter, William C. Schneider, NASA Hq,

to Managers, Skylab Program, MSC and MSFC, Manager, Apollo-Skylab Program,

KSC, "Verification of Crew Equipment Interfaces," 29 December 1971; memorandum,

R. O. Aller, NASA Hq, to Director, Skylab Program, "Contractor Crew Compartment
Fit and Function Tests," 17 December 1971.

e Apollo experience was utilized in the design and development of the Skylab water
system which consisted of

• Ten 272-kg storage tanks
• A chiller and three water dispensersfor drinking water
• A heater and two water dispensers for food reconstimtion
• A heater and water dispenser for personal hygiene

• A portable water container and fixed and flexible plumbing with quick
disconnect fittings

Memorandum, William C. Schneider, NASA Hq, to NASA Deputy Administrator,

"Apollo Lunar Module Water System Problems as Related to the Design of the

Skylab Water System," 8 December 1971.

NASA Hq defined the responsibility for preparation and coordination of test pro-
cedures which involved crew participation in factory module test and checkout
operations. Essentially, this required that not later than 12 weeks prior to antici-
pated testing MSC should provide a crew integration plan and negotiation should
take place between MSFC and MSC on the degree of crew participation in the
test and checkout operations.

Appendix A to Skylab Program Directive No. 26, "lntercenter Responsibilities for
Support and Preparation of KSC Test and Checkout Plans and Procedures, and Co-
ordination of Factory Test Procedures wi,il Crew Involvement," 9 December 1971.

Is An MSFC-MSC agreement was approved detailing responsibilities for Skylab
flight crew training in the neutral buoyancy simulator at MSFC, The agreement

was approved by Kenneth S. Kleinknecht, MSC Skylab Program Manager, and
Leland F. Belew, MSFC Skylah Program Manager. Charles A. Berry, Maxime

A. Faget, and Donald K. Slayton, all of MSC, concurred.

M$CM 8010, Pro&ram Mana&#m¢nt Gaid#, 15 December 1971.
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At top, Stefanie Smith, assoclate engineer in crew systems at Martin Mariett_,'s

Denver facility, shows equipment location to astronaut William R. Pogue during .!
a NASA acceptance checkuut of the multiple docking adapter. Above. two _
Martin engineers simulate astronaut activities in a full-scah training mockup of
the multiple docking adapter before the unit was shipped to MSC for astronauttraining.
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1971 The prototype of the Skylab ATM was returned to MSFC frola MSC aboard the

a,c,=b,r Super Guppy aircraft. At MSFC, the ATM was placed in a ,.'.leanroom in the
Quality and Reliability Assurance Laboratory for a system checkout. It would

1_ next undergo vibration testing in the Astronautics Laboratory and then would be
refurbished to serve as a backup for the flight model. While at MSC, the ATM
prototype, which was assembled at MSFC, had been subjected to space con-
ditions in a large chamber used for testing the Apollo spacecraft.

MSFC Project Logistics Office, Flight Operating Log, 15 December 1971.

t7 A committee was established to conduct an operational readiness inspect:on of the

Skylab medical experiments altitude test facility. The MSC Crew S/_tems Di-
vision's 6-m-diameter altitude chamber was m, dified to perform the test. The

readiness inspection would serve to certify the operational readiness of the facility
* for the June 1972 manned testing.

Memorandum, Robert R. Gilruth, MSC, to Dist., "Operational Readiness Inspection
of the MSG Skylab Medical Experiments Altitude Test Facility," 17 December 1971.

17-21 MSFC accepted the flight multiple docking adapter from Martin Marietta,
Denver. It was then flown by Super Guppy to McDonnell Douglas in St. Louis,
where it would be mated to the airlock module.

NASA News Release 71-241, "Skylab Docking Unit Accepted," 17 December 1971;

MSFC Project Logistics Office, Flight Operating Log, 17 D_.cem'.'r 1971.

=3 Discussions on the feasibility and the possiblebenefits and problems pertaining to
the use and benefits of an amateur radio traz,smitter-receiver by the Skylab crew
in their off-duty time were conducted over the past se,,eral months. Based on the
discussions,it was concluded that the disadvantages outweighed the advantagesof
its installation and use.

Letters, P. I. Klein, AMSAq, ,o William C. Schaeider, NAbA Hq, "Skylarc Mission
for Skylab-A," 11 September 1971; William C. Schneider to Managers, Skylab Pro-
gram, MSFC and MSC, "Amateur Radio on Skyla _ ," 2 December 1971 ; Kenneth S.
Kleinknecht, MSC, to Director, Skylab Program, "Skylab Amateur Radio Communi-
cations," 14 December 1971; Leland F. Belew, MSFC, to Director, Skylab Program,

"Amateur Radio on Skylab," 23 December 1971; notes, Dale D. Myers, NASA iIq,

to Wiiliam C. Schneider, "Ham Radio Activity fur Skylab," 20 November 1971; Wil-
liam C. Schneider to Dale D, Myers, "Ham Radio Activity for Skylab," 30 Novem-

ber 1971.

Du,_nj The Skylab Program was reviewed by a Skylab midterm task team. Among the
findings were the following: Although there was little margin left in the scheduleManlh
for contingencies, there _,ere no known reasons why the launch date of 30 April
1973 could not be met. Planned resources were sufficient to support the program

nn the established schedule. A comprehensive and systematic program of reviews,
tests, and analyses had been performed to produce high confidence in reliable and
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After acceptance by MSFC, the multi-
ple docking adapter flight article
was readied for shipment from
Martin Marietta's Denver facility
to the McDonnell Douglas plant at
St. Louis to be mated with the air-
lock module.

safe technical performance. A greater number of formal detailed program level 1971

plans and inter-Center agreements were required in Skylab than in earlier pro- Oecm_r
grams because of complexities of technical organizational interfaces. Limitations

i on travel funds created problems. There was some concern rcgardin_ the Earth

resources experiment package where costs exceeded the origiaal plat. Technical !

problems remained, and Principal Investigators had not been selected. _

Letters, William C. Schneider,NASA Hq, to Kenneth S. Kleinknecht, ChristopherC.

Kraft, Jr., and S. A. Sjoberg,MSC, "Skylab Mid-TermReview Task Team Program i
DirectorsSummary Working Notes," 28 February 1972; draft, Kenneth S. Klein-
knecht, MSC, "Skylab ProgramMid-Term Review," 1 December 1971; "SkylabMid-
Term Review WorkshopProject Problem Summary," December 19)1; "Skylab Mid-
Term ReviewWorkshopStatus S_:heduleStatus," December197I. i

The National Science Teachers Associat:on had received more than 15 000 appli- 1972
cations for participation in the NASA Skylab Student Project, NASA announced.

The Association was managing the project to stimulate interest in science and J*.=*,'t

technology by promoting participation by U.S. students in grades 9 to 12 in ex- a

pcriments, demonstrations, or activities to be performed by astronauts during 1973

Skylab missions. NASA would select 25 proposals on the basis of compatibility !

with Skylab requirements. Selectees and their teachers would attend a Skylab

Educational Conference and award presentations at KSC at Skylab launch tim". :i

MSFC would build the required hardware in consultation with students. Re- t
gional and national selectees would be announced in April.

NASA NewsRelease72-I,3January1972.

NASA Hq issued a revised directive providing work authorization for the Skylab

Program to the Centers. The directive provided flight numbers and objectives,

assigned the launch vehicles and comma_,d and service modules to be used, and

designated the launch complexes to be utilized. It also listed the controlled mile-

stones for Skylab and planned launch dates. The milestones included delivery of

major flight, test, and traini,g hardware; delivery of other major items such as

ground support equipment; key reviews; completion of key tests; facility opera-

honal readiness; and launch readinexs. The planned ,aunch dates were: 30 Apri_
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T972 1973 for SL-1 ; I May 1973 for SL-2_ 30 July 1973 for SL-3; and 28 October
1973 for SL-4.

Jm.carf

Skylab Program Directive N_. 4F, _!rector, Skylab Program, to Dist., "Sk_'lab Pro-
gram Work Authorization." 3 January 1972.

a The OWS water chiller which had been r;designed was undergoing tests at AiRe-

search Corporation. The reason for tile redmign was that nickel ion generation
exceeded that allowable in the specifications. At an OWS water s_tem review on

20 November 1971, the probability of exceeding the nickel ion concentration was
discussed, and a decision was made not to consider an increase in the allowable

nickel concentration. In September 1971 MtDonnell Douglas tests indicated that

considerably higher numbers of nickel ions were being released from the water
chiller.

During many water subs_.'stem meeting, nickel ion generation of the entire OWS

water system, not just the chiller, had been considered a major problem. It was

indicated that with the exception of the water system component_ installed in the
wardroom table (inch,ding the chiller), the OWS water system ion generation

would be controlled with an ion exchange resin, and the redesign of the chiller

would correct the problem. This would permit the water supply to meet speci:
ficatiom throughout Skylab 1, 2, 3, and 4.

Letter, Lrland F. Belew, MSFC, to Kenneth S. Kleinknecht, MSC, "Skylab Drinking
Water Nickel Content," 4 January 1972.

6 Skylab Managers William C. Schneider (NASA Hq), Robert C. Hock (KSC),
Leland F. Belew (MSFC), and Kenneth S. Kleinknecht (MSC) met at MSFC to

resolve the problems a_*ociated with tht OWS test operations at McDonnell

Dougl,x_. Kleinknecht had t_eviousl,v expressed concern about the diflqculties in

getting the first article--both OWS and experiments--through factory accep-

tance; the effects of a tight OWS checkout operation, and the need for a multl-

Center (MSFC-KSC-MSC) contractor team to complete the OWS factory

checkout, integration of Government-fin'nished equipment and other stowage, and

verification of man and machine interfaces with astronauts and their support

people. Actions taken at the meeting ensured a tightening of discipline and re-
suited in progress in eliminatin,_ the areas of concern.

Letter, Kenneth S. Klelnknecht to Leland F. Belew et al., ,q January 1972: memoran-

dum for record, William C. Sehnel,h'r, 11 Janua D. 1972: letter, William C. Schneider
to Dale D. Myers, Associate Administrator for Manned Space Flight, 14 February
1972: memorandum, Dale D. Myers t_ Ge_rge M. l,,,w, Deputy Administrator, 16
February 1972: letter, Kenneth S, Klehaknecht to Lelaud F, Belew, 12 April 1972;
memorandum, WiUiam C. Schneider to Dale D. Myen, 4 May 1972.

11 MSC proposed that SL ! ._hould be flown at an ahitude of 435 km and that the

orbit should be controlled by rem_wing any insertion dispersions and drag effects

with burns of the SL-,'2 CSM reaction ccmtroi svstent after that spacecraft had
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Activities at MSFC on 5 January 1972 during a simulation of film retrieval from the
Apollo telescope mount in the MSFC Neutral Buoyancy Tank.

rendezvoused and docked with SL-1. A controlled, repeating orbit would satisfy 1972

requirements common to many Earth resources experiment proposals. In ad- Junuory
dition, multiple pa&ses over fixed targets would increase the probability of success- :_
fully obtaining data which otherwise might be lost because of cloud cover or

equipment malfunctions. It was estimated, after a study lasting several months,

that implementation of a controlled orbit would enhance the probability of suc-
cess of such experiments by between 25 and 50 percent. The study had also

shown that the proposal was feasible with regard to hardware, operations, and
the crew.

Letter, Kenneth S. Kleinkneeht, MSC, to Manager, Skylab Program, MSFC, "Con-

trolled Repeating Orbit for Skylab," 11 January 1972.

The NASA Manned Space Flight Management Council agreed to retain the cur- 11-12

rently planned Skylab launch-readiness date of 30 April 1973 and to assign no
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1972 more experiments or other efforts requiring changes in hardware, flight plans, or

j_ training.

MSF Management Council Minutes, 31 January 1972.

12 Reprmentatives of MSC and MSFC discu_ed the needs for Skylab flight com-
munications systems/ground performance operations data and the possibility of
compatibility testing to develop data. Among the decisions reached were the fol-
lowing: flight and ground systen_ performance and compatibility testing would
be conducted using the MSC Manned Space Flight Network station and test facil-
ities; MSC and MSFC would jointly develop the necessarytest plans; both Cen-
ters would participate in the test and the data evaluation; and MSC and MSFC
would jointly review existing s)_tems performance data and current test plans
against operational data requirements.

Letm; S. R. geinartz, MSFC, to C. E. Charlesworth, MSC, 18 January 1972.

Is I.,dand F. Belew reported that the ,'firlockmodule flight article systems tests were
nearly completed. The AM had been moved from the test area on 10 January to
begin the mating operation with the ATM deployment assembly and the fixed
aiflock shroud. The multiple docking adapter had completed shell leakage tests
and was undergoing radiator leakage tests. Special illumination tests and 'IV
camera/video recorder tests began 10 January at McDonnell Douglas. Personnel
fromMSC,MSFG, and NASA Hq were observing the testing.

TWX, Leland F. Belew, MSFC, to William C. Schneider, NASA Hq, 13 January
1972.

It NASA Hq approved addition of a video tape recorder to the Skylab 'IV syseem.
A presentation had been given at MSFC to l)ale D. Myers, A,_ociate Adminis-
trator for Manned Spacc l.'light, and Wi',liam C. Schneider, NASA Skylab Pro-
gram Director. The addition of the recorder would provide increased flexibility
and the capability for more TV coverage. Playback would be controlled from
the ground.

Configuration Change Board Directive 800-72-011 I, 10 February 1972.

I_ A Skylab crew news conference, with prime :rod backup crewmen, was held at
MSC. Astronaut Charles Conrad, Jr., said preparations were on schedule for an
April 1973 launch. Contractor checkouts and tests of hardware were expected to
be completed for deliver, to KSC in July. Skylab would carry _me 20 000 pieces
of stowed equipment on board to provide life support for nine men for 140 days.
"So it all goes up at one time, and we've got a great deal of work to do, not only
to learn how to operate this vehicle but al_ all the _'xperiments in it. It became
apparent that we could not be 100-percent cm_s-trained as we had been in
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PART In. SKYLAB DEVELOPMENT AND OPERATIONS

Apollo, so we've . . . defined some areas for each guy to become expert in .... 1972

That allowed us to balance out the training hours. Right now . . . we have Januery
some 2000 training hours per man defined. We've been working on the basic

training for the past year . . . [and] our training hardware . . . [is] going to

be available to us for training . . . about February 1." The commander would

have overall responsibility for the mission and would be a command and service

_ modules expert. The science pilot would be expert in all medical equipment and
in the Apollo telescope mount and its associated hardware. The pilot would be

expert in Orbital Workshop systems and electrical systems. Remaining experi-

ments would be divided among crew members according to availability and
choice.

Prime crewmen for the first mission were Charles Conrad, Jr., Jmeph P. Kerwin,

and Paul J. Weitz; second mission, Alar. L. Bean, Owen K. Garriott, and Jack

R. Lousma; third mission, Gerald P. Carr, Edward G. Gibson, and William R.

Pogue. Backup crews were Russell L. Schweickart, F. Story Musgrave, and Bruce

McCandless II, first mission; Vance D. Brand, William B. Lenoir, and Don L.

Lind, both second and third minions. Kerwin, Garriott, Gibson, Musgrave, and

Lenoir were scientist astronauts; the other Skylab crew members were pilot
astronauts.

NASA News Release 72-12, 19 January 1972; Test Skylab Crew Press Conference,

19 J_nuary1972.

An ad hoc Earth resources experiment package inv_tigatiom office was estab- =0

lished at MS(]. O. Glenn Smith was given the additional duty assignment as

Manager of the EREP investigations office. The office was assigned responsi-

bility for conducting and managing the contracting phase of Skylab EREP

investigatiom.

MSCAnnouncement72-10, 20 January1972.

Skylab Program Director William C. Schneider told the Skylab Managers at =r

MSFC, MSC, and KSC that "at the last meeting of the Management Council it

became apparent that the Council was not aware of our recent activities and

current planning for contamination control on Skylab." Schneider said that a pres-

entation had been scheduled to update the Council on the subject for the meet-

ing to bc held in Washington 7-8 March. He asked that MSFC assume the lead

role in developing and delivering the presentation, with MSC and KSC assistlng.

The followipg areas were to be covered: MSFC--background, requirements,
cluster hardware, and ground test program; MSC--command and service mod-

ules, Earth resources experiments package, and operational plans; and KSC--

prclaunch contamination control plans.

Letter,William C. Schneiderto MgFC, MSCand KSC, "ContaminationPrttentttion O_!G _q_ _,,iT__kG_ _

fo.mnag.monCounoil."27 1.72. t'O0
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Left, the crew quarters area of the Skylab Orbital Workshop training model, which
had been shipped from MSFC to MSC to be used for Skylab mission crew in
flight simulation exercises. Right, the airlock module flight article is shown in a
clean room at the McDonnell Douglas facility at St. Louis before being mated
with the multiple docking adapter. The airlock module provided a pressurized
passageway between the multiple docking adapter and the Orbital Workshop.

1972 Trace contamination tests were scheduled to be made on the OWS during tram-

Ja,,u,,_ portation to KSC. MSC would provide a toxicologist to accompany the OWS to
supervise sampling, storage of exposed charcoal, and return of the charcoal to the

2e Analytical Research Laboratories for analysis. Analytical Research Laboratories,

under contract to MSC, had completed an AM/MDA trace contaminant analy-

sis that would be compared with that of the OWS. A carbon monoxide analyzer

would also be pr,.vided by MSC. A carbon monoxide monitor was in the devel-

opment stage for potential use on the OWS. The t_st would be conducted during

the Skylab medical experiment altitude tests; if these tests indicated that carbon

monoxide was being generated within Skylab, a flight monitor would be furnished.

Letter, Kenneth $. Kleinknecht, MSC, to Leland F. Belew, MSFC, "Trace Contami-
nant Diagnostics on the OWS (Orbital Workshop)," 28 January 19"/2.

_bn_rt MSFC and MSC completed a Memorandum of Agreement with the National

Oceanic and Atmospheric Administration (NOAA) for support contracts for Sky-I
lab. The contract would include both ATM and crew radiation monitoring sup-

port in the areas concerning the mlar network and Mimion Control Center

Operations. ATM support performed by the Natmnal Oceanic and Atmospheric

Administration as required by MSFC and MSC would be contracted for by

MSC, with that Center providing the technical monitor for the contract and
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i
technical direction during the mission simulation and inflight operations phases. 1972
Requirements would include a variety of solar data on current solar conditions February
and predicted solar conditions. These data would ensure effective scheduling of
ATM experiments and ATM data for Principal Investigators in the form of

photographs, line drawings, etc., to support their detailed analyses of solar
activity.

The crew radiation monitoring support would be contracted by MSC, with all

i technical direction provided by the MSC technical monitor. These activities
would include management and operation of facilities for acquisition and trans-
mission of solar data for crew radiation monitoring during simulations and inflight
operations; a 24-hour solar watch and photographic record; and monitoring of
current and future radiation environments to provide an assessment of the bio- _'

logical effect on the flight crew. i]

Letter, Leland F. Belew, MSFC, to MSC, Manager, Skylab Program, "National
Oceanic & Atmospheric Administration (NOAA) Support Contract for Skylab," 1
February 1972, with memorandum of agreement, "National Oceanic and Atmospheric
Administration Support to the Skyiab Program," signed by Leland F. Belew and
Kenneth S. Kleinkneeht, MSC, undated.

NASA invited research scientists to submit proposals for Skylab experiments !
studying rse of weightlessness. Experiments would use weightlessness in space to
develop improved techniques for preparing biological materials and for studying
crystal growth, solidification, and other aspects of nonorganic substances. One
invitation was for electrophoresis--motion of charged particles through fluid
while under the influence of an electricM field. Use of this technique on ground
was hampered by effectsof heat convection in fluid and sedimentation. A second

' invitation was for investigation t,f solidification effects, crystal growth, and other
phenomena in weightlex_materials and close observation of them as they cooled
and solidified. First experiments could be flown on Skvlab mi_fions begininng in
1973.

NASA News Rele_e72-22,I February1972.

The Apollo tel_scopemount flightunit was being readied for a three-month, post- 3
manufacturing checkout at MSFC. The ATM would be moved in May from the

Quality and Reliability Assurance Laboratory to the Astronautics Laboratory for
vibration t_ts and would be delivered to MSC 1 June for thermal and vacuum
tests. The ATM would be launched on the first Skylab mission in 1973.

MSFC News Release72-8;MSC News Release72-,'12,3February1972.

Contamination control, a continuing problem in the space program, was the sub- 4
ject of a letter from Skylab Director William C. Schneider to MSFC, MSC, and
KSC Skylab Program Managers. He pointed out that this problem had received
considerable attention, particularly in two areas: (1) cleanline_ of major modules
during manufacture and before launch; and (2) contamination control of the
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1972 cluster during orbital operations, particularly of the man-related induc_l
environment.

February

Schneider said, "... the anomalous behavior of two experiments on Apollo 15
substantiates the need for efforts of the foregoing nature and indicates to me the
need for increasedemphasis on contamination aspectsof Skylab experiments.... "

He added that a special effort should be directed toward assessment and elimina-
tion of contamination possibilities in Skylab experiments to increase confidence in
the ability of all experiments to function successfully. Schneider considered it
necessary that all experiments be critically reviewed for susceptibility to malfunc-

tion from contamination either in the experimeat itself or in its operating environ-
ment. He further felt that a contamination "audit" of the manufacturing,
transportation, and installation procedures used for each experiment should be
conducted; the experiment cleanliness status should be determined; and accept-
able (and realistic) contamination tolerance levels for experiment operation should
be established.

Schneider suggested that those objectives were identical to those of the Skylab

systems operational compatibility review and would provide an appropriate and
timely mechanism to accomplish the audit.

Letter, William C. Schneider, NASA Hq, to MSFC, MSC, and KSC, "Contamination
'Audit' of Skylab Experiments," 4 February 1972.
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

MSC developed a Skylab flight management team plan that provided for coordi- 1972
nated management guidance for sustained mission periods, was flexible, and was February
capable of adjusting to varying mission and management situations. The pro-
posed team would be composed of NASA management officials having primary 14
responsibility for the overall conduct of flight: the Skylab Program Director; the
MSC, KSC, and MSFC Skylab Program Offices; the Director of Flight Opera- !

tions; and the Director of Flight Crew Operations. The NASA Skylab Program
Director or his designee, who would be at MSC during the eight-month mission
period, would serve as the senior Headquarters official at the Mission Control

Center, chairing the flight management team meetings and coordinating decisions ]
with other Headquarters' offices to ensure that their requirements were met.

Letter, Christopher C. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, 14 February
1972.

William C. Schneider (NASA Hq) issued a directive that listed the directorates is

within the NASA Hq Skylah Program Office and spelled out the specific responsi-
bilities of each. The Skylab organization was composed of directorates for project
integration; program budget and control; reliability, quality, and safety; engineer-
ing; and operations.

Skylab Program Directive No. 57, "Functions and Responsibilities of the Head-

quarters Skylab Program Office," 15 February 1972.

Evaluation of events and redesign resulting from the May 1971 OWS-1 mete- is i
oroid shield deployment test indicated that a successful "mechanical separation
and deployment" must be demonstrated prior to shipment of the flight article to
KSC. This retest would verify flight readiness of redesigned shield mechanisms
and would be considereda vital part of the OWS-1 acceptance test. A pin-release
panel would be used for this purpose after appropriate "walk-through" proce-
dureswere exercisedand prior to the pL,nned "ordnance deployment."

All three of these activitieswere to be performed at McDonnell Douglas prior to
shipment of the flight article from Huntington Beach, and after arrival at KSC.
"Walk-through" was defined as a simple verification that no mechanical binding
of any linkage would occur upon installation of the meteoroid shield. "Mechani-
cal separation and deployment" was defined as a hands-off automatic deployment,
with the shield rigged to less than flight loads, and a test that could be performed
repeatedly without panel replacement. "Ordnance deployment" would represent
the ultimate deployment verification. A separate ordnance panel with primary
and backup expandable tubes would be required, and the deplo_,ment would be
fully automatic and remotely controlled.

Letters, William K. Simmons, Jr., MSFC, to F. J. Sanders, McDonnell Douglas,
_'Orbital Workshop Meteoroid Shield Development," 15 February 1972; Karl L.

Heimbu_, MSFC, to L. F. Belew, MSFC, "Orbital Workshop and Backup OWS

Meteoroid Deployment Verification Test Recommendations," 4 February 1972.
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SKYLAB: A CHRONOLOGY

1972 Vibration testing began on the Apollo telescope mount prototype at MSFC. After

* February vibration testing, the prototype would be disassembled and refurbished. It would
then become the backup ATM flight unit.

I$

MSFC, "Skylab Program Office Weekly Activity Report," 22 February 1972.

_..,

22 NASA Skylab Program Director William C. Schneider outlined the program's
progress in testimony during the House Committee on Science and Astronautics' :i

• Subcommittee on Manned Space Flight hearings on NASA's Fiscal Year 1973

! authorization bill: "During the coming fiscal year testing and checkout will be

completed and operation of Skylab will have started. Within 2 years, the first

Skylab . . . will have become part of history, having contributed new knowledge

in many fields." i

• _ Skylab offered "an earth observation capability never before available" to U.S. !1

manned spacecraft. During the eight-month mission, Skylab would fly over the ..

entire United States, except Alaska, much of Europe, all of Africa, Australia, and : ]
China, and almost all of South America---covering 75 percent of Earth's surface

and passing over each point every five days. By the end of 1971, 288 investiga- i
;i

tions requiring Skylab data had been submitted--249 US. and 39 foreign. Of i

these, 164 had been identified for turther study. Skylat_ was the "first manned

space flight program designed specifically to carry activities and equipment ex-

plicitly aimed at improving .man's life on earth. It will contribute significantly to i

the increase of knowledge of pure science and is also an experimental space sta- !
fion; a forerunner of permanent space stations of the future." Earth-oriented

sensors would test technology for synoptic surveys of many environmental and ._

ecological factors and give preliminary data for management of ec(,Iogical systems, i

Solar and astronomical observations and other science experiments would expand
knowledge of the solar system, universe, and near-Earth space. Biomedical experi-

I

ments would inform how man's well being and ability to function were affected

by living in space. !t

U.S. Congress, House, Subcommittee on Manned Space Flight of the Committee on
Science and Astronautics, 1973 NASA Authorization: Hearin&s on H.R. 1282",t, 92d _i

Cong., 2d sen,, Feb.-March 1972, pp. 168, 176, 179-180. _

2s MSC sent letters to approximately 160 potential EREP investigators to obtain _
clarification and supplemental information on the experiments. From the infor- i

marion, MSC would make recommendations to NASA Hq regarding the overall '

size of the EREP investigation program, as well as specific investigations and

supporting rationale.
?

Letter, Christopher C. Kraft, Jr., MSC, to Charles W. Mathewl, NASA Hq, 25 Febru-
ary 1972.

as Concern about crew exercise during Skylab led to a proposed crew exercise pro-
gram for quantitating the amount and level of personal exercise pedormed by the _

_ crewmen during the 30 minutes a day set aside for personal exercise.
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PART UI: SKYLAB DEVELOPMENT ANn OPERATIONS i_

ii Letter, Christopher C. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, 28 February 1972
1972.

_, February i

_ A Skylab stowage hardware review was held at MSFC. Plans for the stowage of M°rch

_ k. flight crew equipment were presented by MSFC, MSC, and KSC. Factory close- I r'_
:_:: out stowage and long-term stowage without retest were established as acceptable
_i grcand rules. Maximum practical factory flight stowage would reduce the testing

and stowage efforts at KSC. Crew verification of stowage hardware would be
_:_ accomplished during systems test or formal crew compartment fit and function re-5y_

_ii,: views at the manufactarers and KSC.

_ Letter, William C. Schneider, NASA Hq, to Managers, Skylab Program, MSFC and

!_i. MSC, and Manager, Apollo-Skylab Programs, KSC, "Skylab Stowage Hardware," '__ 20 March1972.

51_ The AM/MDA flight units were hardmated at McDonnell Douglas, St. Louis. s
_ The units would remain mated through checkout, delivery to KSC, launch, and

_ mission.

MSFC,"SkylabProgramOfficeWeeklyActivityReport,"7 March1972.L'

_: The NASA Skylab Program Office approved the formation of a Scientific Airlock 6
i*i Working Group, designating MSC the lead Center, with full support from

MSFC. Organization of the working group had been discussed at a scientific
AM/Principal Investigator meeting at MSC 3 February and again during a

! T025 experiment (coronagraph contamination measurements) telephone confer-
ence 28 February. As approved, MSC would appoint a chairman and MSFC a

i',: cochairman. The group would define and optimize flight operation requirements
_ and would assist in defining the joint operation requirements of experiments in

which data from one instrument complemented data obtained from a second or
_: third instrument. Meetingswould be held as appropriate, but at regular intervals.
i'

The chairman and cocha_rman would coordinate the activities of the working
group with their appropriate Center elements.

_* TWX, WilliamC. Schneider,NASAHq,toKennethS.Kleinknecht,MSC,6 March

ii 1972.

ii The mission definite NASA commitment. The hardware, v
Skylab rescue was a

pmc_.zlures,documentation, and training would need to be available immediately
_: after the launch of Skylab 2 for a potential rescue mission. To accomplish this

_L rcquirement, the rescuemission would be treated as a separate mission in the Sky-

lab Program. The rescue mission would be established as a standing agenda item ifor major boards and panels, a,-,t its status would be reviewed on a regular basis

:,: with other missions.

Memorandum,KennethS. Kleinknecht,MZC, to Dist., "SkylabRescue Mission :'
(SL-R),"7 March1972. :i,,t
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SKYLAB" A CHRONOLOGY

1972 While the CSM was docked with the OWS, the systems would generally be

Mo_ powered down except fnr the communication and thermal control systems. The
thermal control system, which wa,_expanded by additional thermostat controlled

13 heaters, would maintain temperatures above the freezing point for components,
propellants, and propellant lines. While docked to the OWS, one side of the

CSM would be in sunlight, the other in the shade. Insulation and a heat reflecting
thermal control paint were added t_ the side that would be exposed to sunlight;
the heaters would help in controlling the temperature on the shaded side. Tem-
peratures on the cold side cf the spacecraft were expected to approach 200 K
(--lO0°F).

North American Rockwell News Release SP-I 0, "Skylab Program Apollo Command/
Service Modules," 13 March 1972.

13 Efforts required for the development of long-lead-time software items were initi-
ated in the postmanufacturing checkout of the backup Skylab. Directives were
being issued for development of the test and checkout requirements specification
document, which would be the first milestone required in the development of any
acceptance checkout equipment software. An acceptance checkout equipment
software requirements document would then be developed from the test and
checkout specificationdocument. It was estimated that for a backup OWS/AM/
MDA to meet the launch turnaround time of 10 months, acceptance checkout
equipment would probably be required to be ready in May 1973.

Letters, Kenneth S. Kleinknecht, MSC, to Leland F. Belew, NASA Hq, 25 February

1972; Leland F. Belew to Kenneth S. Kleinknecht, 13 March 1972.

ix An inter-Centeragreement that defined the MSC-MSFC-KSC responsibilities in
integrating flight crew equipment into KSC tests, checkout, and launch activities
was approved by Skylab Program Managers Robert C. Hock (KSC), Leland F.
Belew (MSFC), Kenneth S. Kleinknecht (MSC), and James A. McDivitt, also of
MSC. The agreement defined flight crew equipment as Government-furnished
equipment which would be stowed or carried by the flight crew into the
spacecraft.

MSCM 8010, Program Management Guide, 17 March 1972; KSC Management Is-
suance 1050.2/AA, Ch. 2.

20 A personal hygiene task team, established for the purpose of reviewing all personal
hygiene activities within the Skylab Program with regard to their medical ade-
quacies and effectiveness, completed the review. The system was found to be
acceptable. However, the team recommended that a stick deodorant, an item in
the individualpersonal hygiene kits, be deleted because of its outgassing and flam-
mability problems.

Memorandum, R. S. Johnston, MSC, to Director, MSC, and Manager, Skyl_b Pro-
gram, MSC, "MR&OD Review tJ Skylab Penonal Hygiene Equipment," 20 March
1972.
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PART In: SKYLAB DZVELOPMENT AND OPERATIONS

NASA announced opportunities to fly new materials science and manufacturing 1972
experiments in space. Proposals would be received no later than 30 March.

March

Tentative plans called for the proposals to be evaluated and reconimendations for

i, their selection or rejection made by 1 May. Experiments recomm_,nded for Sky- 21
lab would then be submitted to the Manned Space Flight Experiments Board for

final evalaation in midMay. A directive for implementation of the selected ex-
periments would be issued during the first week in June.

Letter, Dale D. Myers,NASA Hq, to ChristopherC. Kraft,Jr., MSC, 21 March 1972.
t

MSC initiated a series of planning meet:rigs for the Skylab extravehicular acfivi- =2

ties. Meetings would be held at MSC on the fourth Thursday of each month
with representatives from MSC, MSFC, McDonnell Douglas, and Martin Mari-

etta. The purpose of the meetings would be to establish and coordinate Skylab

EVA operational requirements and constraints, review EVA hardware and verify

its operational suitability, obtain an agreement on recommended flight activities
and mission guidelines, identify and r_olve operational problem areas, and com-

pile comments on EVA crew procedures and operational planning.

Letters, Kenneth S. Kleinknecht,MSC, to Lela::d F. Belew, MSFC, 15 February
1972; LelandF. Belewto KennethS. Kleinknecht,22 Mr.rch1972.

Preliminary design reviews on the Skylab video tape recorder were held at MSC :_-2s
and MSFC. The most significant items discussed were flammability and outgas-

sing, capability for recording Earth resources experiments package data, and inter-

leaving the audio with the video. MSFC agreed to furnish an old video tape

recorder engineering model for use in flammability and outgassing tests.

TWX, Leland F. Belew,MSFC, to Kenneth S. Kleinknecht, MSC, $ April 1972.

A Skylab medical experiments altitude test (SMEAT) operations management April

committee was established to review progress of the t_:t during the test period, s
assess real-time problems as the), occurred, track open problems and corrective

actions, approve and direct changes in test protocol or policy, l clease progress re-

ports, meet with news media, and review and approve the daily report to the
Director, MSC.

SMEAT, a ground-based simulation test, was intended primarily to obtain and

evaluate baseline medical data on the medical experiments scheduled for Skylab,

including studies of the cardiovascular system, the expenditure of energy to do

measured work, and food and nutritional investigations. The test crew of three

astronauts, R. L. Crippen, W. E. Thornton, and K. J. Bobko, would also engage

in a full schedule of activities of work, eating, leisure, recreation, and sleep com-

: parable to the Skylab .schedule during their 56 days in the 6-m-diameter test

chamber designed to simulate the Skylah OWS atmosphere. The test was sched-

i uled to begin 26 July 1972. !
i
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|?72 Memorandum for record, R. S. Johnston, MSC, 24 April 1972; SMEAT Press C.on- i
ference, MSC, 23 June 1972, MSC News Rele,tses 72-135, 23 June 1972, and ,2-J'q, :i

Apl;i 2 August 1972; newsletter, William C. Schneider, NASA Hq, to Dist., "Skylab Pro:_;"

News," 31 May 1972; letter, R. S. Johnston to Principal Investigators, "Sky!ab

Medical Experiment Newsletter," 7 April 1972.

NASA and the National Science Teachers Association announced selection of 25

finalists in a Skylab Student Project to propose fligbt experiments and demonstra-
tions for performance aboard Skylab in 197, NASA had a',nounced the selec-
tion of the Association for management and ow.ration of the Skylab Student
Project in Septen,oer 19"/i. Purpose of the project v, as to stimulate interest in
science and technology by directly involving students in spaze research.

Since the project's inception, more than 15 000 applications for participation had
been received from throughout the United States and overseas. Finalists' pro-
posals had been selected from these entries. The project, wl-Jch had been initiated
in the spring of 1971 by the I_IASAAdministrator, involved students in grades 9
to 13.

Letters, William C. Schneider, NASA Hq, to Leland F. Belew, MSFC, Kenneth S.

Kleinknecht, MSC, Thomas W. Morgan, KSC, "Skylab Educational Program," 3 May
1971 ; William C. Schneider to Leland F. Belew, "Skylab Student Froject," 2 Novem-

ber 1971; lgale D. Myers, NASA Hq, to Robert R. Gilruth, MSC, "Skylab Student
Project," 16 November 1971 ; memoranda, Dale D. Myers to the NASA Administrator,

"High School Student Participation in the Skylab Missions," 18 August 1971; B. P.

Brown, NASA Hq, to Dist., "Minutes Skylab Educational Program Team Meeting,"

14 July 1971; William C. Schneider to Directors of Life Sciences, Physics, Astrono_/,
and Earth Observation Programs, "Review of Proposed Skylab Student Project Inves-

tigations," 17 md 21 March 1972 ; NASA News Releases 71-189, 28 September 1971 ;
72-1, 3 January 1972; and 72-71, 6 Ap'il 1972; TWX, William C. Schneider to
Leland F. Belew, Kenneth S. Kleinknecht, aad Thomas W. Morgan, "Skylab Student
Project Final Selection," 7 March 1972; "W_ ekly Progress and Problem Summary for

the Administrator--Skylab Program," 17 Jun,; 19'.'1; newsletter, William C. Schneider

to Dist., "Skylab Program News," 31 May 19'_2.

12 MSC was authorized to procure EREP airc:aft sensors for use in the Earth-
resources aircraft p,,_gram in support of underflight activities for Skylab EREP
investigations.

Memorandum, Dale D. Myers, NASA Hq, to As-ociat_- Admiaistrator for Api: tcations,

"Funding Support for Aircraft Sensors and Skylab Underflights," 12/_pril 1972.

1_-14 At the NASA Manned Space Flight Management Council .leeting, the Skylab
Program Direct _r and the Center Program Managers presented a comprehensive
xeview on the Skylab status. The participants agreed t .t every, possible e._ort
would be mzde to maintai'! the 30 April 1973 launch readiness date for the S, ,-
lab Workshop.

"Minutes, MSF Management Council n,'eting," 17 April 1972.

14 During an Orbital Workshop meteoroid shield test at MSFC, it was ,dscovered
that in one hinge section of the [oldout panel, nine of the 15 torsion sprir,_s were
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

installed in e'ach a manner that th._.ywere only 50-percent effective in action to 1972
assist shield deployment. Action was initiated to ensure proper spring at '.ion. April

Letter, W. K. Simmons, Jr., MSFC, to F. J. Sanders, McDonnell Douglas, "Orbital

Workshop Meteoroid Shield Folded Panel Springs," 17 May ",572.

MSFC, KSC, and MSC performed studies which identified the cost and reliabil- 21

ity tradeoffs on planned one- and two-week slips between the launches of SL-1

and SL-2. An analysis of the studies identified significant cost and reliabiF.ty

penalties that would be incurred if the SL-2 mission were slipped, reconfirmed

the desirability oi getting the CSM docked to the Orbital Workshop as soon as

possible after launch of SL-1, and recommended against extending the launch

interval betwee, SL-I and SL-2. Launch plans called for a 1-day interval be-
tween the two launches.

Memorandum, William C. Schneider, N t_SA Hq, to Associate Administrator for
Manned Space Flight, "Cost and Reliabih:y Tradeoffs Associated With Va- ing the

h_terval of the Skylab-I and Skylab-2 Missions," 21 April 1972.

A telecon among the Skylab Program Managers (MSC and MSFC), Apollo- 2s

5kylab Program Manager (KSC): ,nd the Director, Skylab Program (NASA Hq)

was held to discuss AM/MDA/EREP '_sting. It was agreed that the AM/MDA

checkt,ut ti,ough simulated flight and altitude chamber testing would be con-

ducted at McDonnell Douglas ,as rapidly as po_ible. EREP bench testing would

also be conducted at McDonnell Douglas to verify ER EP operationq. Following

the AM/MDA altitt, de chamber test and the EREP t_ench testing and before de-

livery to KSC, ,,n integrated AM/MDA/EREP system test and checkout would

be conducted. Deliver), to KSC was scheduled for 30 September 1972.

Letter, William C. Schneider, NASA Hq, to Managers, Skylab Program, MSC an'

MSFC, and Manager, ApCIo-Skylab, KSC, "AM/MDA-EREP,'" 3 May 1972: TWX,
Leland F. Be!ew, MSFC, to William C. Schneider, Kenr,eth S. Kleinknecht, MSC,

C. K. Williams, MSC, and R. C. Hock_ KSC, "Aidock/MDA/EREP Agreements,"

1 May 1972; MSFC, "Weekly Activity Report," 4 May 1972; letter, Leland F. Belew

to Manager, Skylab Program, MSC, "EREP Integrated Bench Testing at MDAC-E,"

18 May 1972.

A compact shower assembly ior use on Skylab Earth-orbital minions was designed a0
and built at MSFC. q'hc shower remained stored on the floor when not in use.

Astronauts would step inside a ring on the floor and raise a fireproof beta cleth

curtain on a hoop and attach it to the ceiling. A flexible hose with push-button

shower nozzle could spray 2.8 liters of water from the personal hygiene tank dur-

ing each hath. Used water would be vacuumed from the shower enclosure into a

disposable bag and deposited in the waste t,_nk. O_lC}]lq,_la PAGE ]_

MSFC News Release72-38,3 May 1972. OF POOR QU_J_

• :ii

Recently, one employee was killed and another seriously injured while operating During '_

a g,-,_-tight storage battery, power supply, at the MSC Water Immersion Facility. Mont_th"
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Provisions were made .sothat each Skvlab astronaut could take a shower every week.

MSFC designed and built a shower assembly to be stored as a compact unit in
the crew quarters area of the workshop. At the left is a demonstration of the
manner in which an astronaut would step inside a ring mounted on the floor
and raise the 109-era-diameter hoop to form the shower area. The extended
curtain is then attached to the ceiling (right). and the shower is ready for use.

1972 An Accident Investigation Board determined the taut" of the accident and

recommended corrective actions to help precludc such accidents in the future.Apfll
The facility was used for astronatzt training.

Accident Investigation Report of the Water Immersion Facility Battery Box Explosion,

Auril 1972; letter, Christopher C. Kraft, Jr., MSC, to Dist., same suhject, 26 June
'9

m.y An ev,'duation of the protection available: to flight crews from hazards ar,goci:tted

with electrical shock from powered equipment amt from buildup of ._tatic chargesI

was conducted. The cvaitmtion consisted of a Skvlab systems operations compat-

ibilities a._se._mwnt review of the requirements used to implement electrical shock

protection and confirmation tff contractor efl'orts to ensure implementation of

requiremenks. As,_ex_mentof the review activities indicated that the requirements

for protection against shock mid static charge had been :l_et.

Letter, Leland F. Belew, MSF(2, t,* Manager, Skylab Program, MS(l, "Electroshock
Protectlnn," I May 1972.

4 A suit-drying crew station and design review was held at McDomwll Doughxs.

Representatives from MSC and MSF(', attended. Basic design and operationM

procedures for equipment stowage, suit drying, and desiccant canister drying were

found to be generally acceptable. However, the launch stor+_,.Ieconfiguration for

the desiccant canisters and provisions for maint:tining a drvnes_ level while suits
were stored in the co:llntltnd module between use were not completely remlved.
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PART HI: SKYLAB DEVELOPMENT AND OPERATIONS

The objective was to maintain a 50-percent relative humidity level within the 1972

astronaut suits during inflight _torage to prevent a potential fungal contamination, taoy

Letter,s, S. D. Melntyre, MSFC, to Dist., "Suit Drying Crew Station a.',d Design
Review Minutts," 9 May 1972; S. D. McIntyre to Dist., "Minutt; to Suit Drying

Modification Review at MDAC," 13 April 1972; Leland F. Bclew, MSFC, to Manager,

Skylab Program, MSC, "Orbital Workshop Suit Drying Provisions," 22 March 1972;

note, Leland F. Belew to E. F. M. Rees, MSFC, "Suit Drying Station Status," 26 May
1972.

NASA Hq iss,".d a revised policy for Skylab scientific investigations. The basic

concept of the policy, which w,_s issued on 4 October 1971, remained unchanged.

However, two significant phrases, "proprietary rights" and "exclusive use of

data," were eliminated by the revision.

Letter, William C. Schneider, NASA Hq, to MSFC, MSC, KSC, Ames Research
Center, and LaRC, "Skylab Policy for Scientific Investigations (Revision A)," 8 May
1972.

NASA officials met at MSFC with the 25 national winners of the Skylab Student e-12

Project competition to discuss design of the experiments and demonstrations.

During the week, each of the students and their teachers met with their NASA
advisors and participzted in preliminary design reviews. An informal dinner was

held on 10 May with the 25 winners, their teacher-sponsors and chaperones, local
offic{als, and the news media participating. During the visit the students also

_ured 5fSFC laboratories and the Alabama Space and Rocket Center.

TWX, Leland F. Belew, MSFC, to MSC Manager, Skylab Program, "Dinner Speaker

for Student Project Preliminary Design Review Activities," I May 1972; newsletter,
William C. Schneider, NASA Hq, to Dist., "Skylab Program News," 31 May 1972.

A meeting was held at MSFC to discuss Skylab data retention and retrieval plans.

Representatives from NASA Hq, MSC, KSC, God(lard Space Flight Center, arm
MSFC attended. Items di_ussed included storage of original data, data storage

and retrieval to meet tile needs of primary experiment and systems data users, and

provision of data to national data centers. It was agreed that

• MSFC would establish a storage and retrieval facility to handle original

telemetry data.
• MSC would establish local data archives to accommodate storage and

retrieval of all Skylab data for which MS(', is responsible.

• KSC data retention policy for Skylal) was similar to the Apollo policy.

• Goddard Space Flight Center preliminary :'pace flight tracking and data

network management plan for Skvlab was compatible with tile plans plcsented

by MSC, KSC, and MSFC.

Letter, R. O. Aller, NASA Hq, to Dist., "Minute,_ of the Skylab Data Retenti ,n
Meeting," 12 May 1972.
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SKYI.AB: A CHRONOLOGY

1972 The Apollo telescope mount crew comparttnent fit and function review was con-

ducted at MSFC. Skylab astronauts participated. ATM flight cameras and filmMay
cassettes were ch_cked during the =evicw.

11

MSFC, "Skylab Weekly Activity Rep',rt," 16 May 1972.

:_ A proposal by the Unive;_ity of Texas, through MSC, for use of a Skylab external

gas analyzer was disapproved. The ma&s spectrometer, which would provide a

capability to determine the composition and pressure of the external gaseous
environment, would augment planned contamination monitoring. However, it

was felt the cost and program impacts of the proposed ma.m spectrometer would

outweigh its benefit._; therefore, the decision was made not to develop the

equipment.

Letters, William C. Schneider, NASA Hq, to Director, Skylab Program, MSC, "Skylab

External Atmosphere Gas Analyzer," 2'$. April 1972; Leland F. Belew, MSFC, to
Manager, Skylab Program, NASA Hq, "Sky_ab External Atmosphere Gas Analyzer,"
12 May 1972.

lr The following dates and locations were established for Skylab design certification
reviews:

Design Certification Review Date Location

Launch vehicle 513/206 8-9 June 1972 MSFC

Command and _rvice modules 25-26 July 1972 NASA Hq

MSC exFzriments 10-11 Aug. 1972 MSC
MSFC experiments 14-15 Sept. 1972 MSFC

Mi._4on/chtster (two parts)

Operations 5-6 Oct. 1972 MSC

Cluster systems 10-12 Oct. 1972 MSFC

Launch complex/launch vehicle-

ground support equipment January 1973

All center DCR plans and activities would be scheduled to comply with the above
dater

Letter, William C. Schneider NAS?. :tq, to Managers, Skylab Program and Saturn

Program, MSFC, Manager, Skylab Program, MSC, and Manager, Apollo-Skylab Pro-

grams, KSC, "Establishment of Design Certification Reviews Schedule," 17 May 1972.

is An engineering walkarotmd inspectitm team for the Skylab modules was estab-

lished. Inspection wou!d provide MSC and MSFC program personnel with first-

hand knowledge of the _. ,kmanship ctmdition of the modttles immediately before

shipment. Inspections wout.I be performed, its nearly ,x_ po._sible, immediately

before compartment sealing, but after the hardware was stored. Walkaround

inspectioti would be made of the OWS and AM/MDA, Team personnel were
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PART HI: SKVLAB DEVELOPMENT AND OPERATIONS

skilled in the el,-ctrical, mechanical, materials, and quality/reliability/safety 1972

disciplines. May

Letters, Kenneth S. Kleinknecht, MSC, to Leland F. Beiew, MSFC, 5 April 1972;
Leland F. Belew to Kenneth S. Kieinknecht, 18 May 1972.

An Orbital Workshop crew compartment fit and function test was conducted with 26
representatives from MSC, MSFC, and McDonnell Douglas participating. Ninety
percent of the crew compartment fit and function hardware items were satisfac-

torily reviewed. Problems identified by the crew included numerous mechanical

problems in the urine collection system, tools breaking, snaps debonding, and

velcro debonding.

MSFC, "Weekly Activity Report," 1 June 1972; memorandam, E. L. Field, MSFC,
"OWS Cz*w Compartment Fit and Function Test," 2 June 1972; MSFC, "Weekly
Activity Report," 8 June 1972.

NASA announced completion of major preflight verification test of Skylab Work- al

shop at _e McDonnell Douglas Huntington Beach plant. Two teams of six

astronaut_ performed checkout activities in two, six-hour shifts daily for three

days, activating the Workshop to demonstrate that it could support all activities

planned for missions. The test was one of the last two major tests for the

Workshop, which was __.6 m long, 6.7 m in diameter, and scheduled for launch

Jr. earl)" 1973. A flight demonstration would be conducted before the spacecraft
was shipped to KSC during the summer_

NASA News Pelease 72-117, 31 May 1972; MSC News Release 72-122, 2 June 1972.

Rising costs for the ATM experiments were attributed to a number of factors. Ju..
Principal among these was the delay in launch time of over four and one-half !

years. The ATM development began in 1965 and was scheduled for launch in

1968. The long delay in launch time meant that the Principal Investigators, their

in-house staffs, and the;r contractors had to be supported for the additional four

years. Other factors which contributed to the cost increase were new state-of-the-

art developments for which NASA or the Principal Investigators had no previous

experience.

Memorandum, William C. Schneider, NASA Hq, to Associate Administrator for
Manned Space Flight, "Space Science Board Comments Regarding High Costa of

ATM Experiments Due to Man-Rating," 1 June 1972.

Tke AM/MDA crew compartment fit and function test was completed at 6
McDonnell Douglas, St. Louis. During the test, astronauts activated the AM/

MDA to demonstrate that the modules would support all activities planned for
the Skylab minion. The crewmen worked with the experiments installed and

stowed hardware to verify that mechanical and electrical functions were as

intendt:d, and verified t_lat on-orbit operations could be performed as planned. 0]UGllqAJa PA(]]_ [b
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1972 MSFC News Release 72-72, 12 June 1972; MSFC, "Skylab Weekly Activity Report,"
13 June 1972.

June

x--e A Skylab launch vehicle d_ign certification review board met at MSFC. Repre-
sentatives from NASA Hq, KSC, MSC, MSFC, North American Rockwell's
Rocketdyne Division, Chrysler Corporation, The Boeing Company, McDonnell
Douglas, North American Rockwell, IBM, and General Electric attended the

review. Purpose of the design certification review was to examine the adequacy of
the launch vehicles used for SL-1 and SL-2. Chang_ required on the Saturn V
and Saturn IB were exantined to determine overall vehicle capabilities in meeting
SL-1 and SL-2 mission requirements. From its findings, and subject to closeout
of open work items, the board certified the launch vehicles for SL-1 and SL--2
missions.

Letter, William C. Schneider. NASA Hq, to Dist., "Skylab Launch Vehicle Design
Certification Review," 3 July 1972; "Minutes of Launch Vehicle Design Certification
Review."

Award of a contract to hek Corporation, Optical Systems Division, for three
multispectral camera systems was announced by MSC. Cameras would be reed
on MSC's Earth resources aircraft in conjunction with Skylab missions. The
airborne multispectr,'dphotographic system would obtain photos from altitudes of
378 km. Each photo would ._kowmore than 12 800 km2 of the Earth's surface.
Photos would be used in asse._singurban and metropolitan grgwth and laad use
patterns and in inventorying crop, range land, and forest resources.

MSC News Release 72-130, 9 June 1972.

!_. An MSC-KSC subagreem_t defining the responsibilities and the inter-Center
participation and coordination necessary for test and checkout for preparation
and launch of the Skylab Program CSM w,xs approved by Robert C. Hock,
KSC Skylab Program Manager, and Kenneth S. Kleinknecht, MSC Skylab
Program Manager.

MSCM 8010, Prg_ram Management Guide, 18 June 1972.

21 A Skylab CSM design certification review board met at MSC. Representatives
from NASA Hq, MSFC, KSC, MSC, and North American Rockwell attended.
O. L. Merrick (North American) reviewed the progra:n status and the v,'wious
mile-tone reviews in support of the Skylab CSM program. De.scfipti,_nsof the
CSM modifications required for Skylab were presented. Following the presenta-
tions, the board concurred in accepting the design of the Skylab CSMs as capable

of supborting the Skylab Program.

_'Minutes, Design Certification Review Skylah CSM Phase II," 7 July 1972; "Skylab
DCR CSM Certification," 14 Jub' 1972.
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PART HI: SKYLAB DEVELOPMENT AND OPERATIONS

The A.pol_otelescopemount flight unit was delivered to MSC for thermal vacuum 1972

testing. A configuration turnover review was conducted before the delivery. Ju,c

MSIR_,, "Skyhb Program Office Weekly Activity Report," 27 June 1972, 23

NASA Hq issued instructions which defined requirements and responsibilities on July

post.acceptance changes to Skylab flight hardware, experiments, and stowage 6
items. The instructionsestablished procedures for initiating, authorizing, imple-
menting, and documenting postacceptance changes at the development site,
integration site, or launch site.

Skylab Prose'am Directive No. 58, "Post-Acceptance Change Control," 6 July 1972.

Experiments proposed by 19 high school stuaents from 16 states were selected for T

the Skylab Program. The experiments were from the 25 national winnersselected
by the National Science Teachers Association in April 1972. The other six
proposed investigations were not selected for flight because their performance was
incompatible with the Skylab environment or because the equipment required
would involve a development program that could not be accommodated within
the Skylab schedule. The Skylab Student Project was endorsed by the Associate

Administrator for Manned Space Flight and by the Manned Space Flight
Experiments Board.

Memorandum, William C. Schneider, NASA Hq, to Executive Secretary, MSFEB,

"Skylab Student Project," 7 July 1972; NASA Hq News Release, "Student Experi-

ments Selected for Skylab," 20 July 1972; TWX, William C. Schneider to Managers,

Skylab Program, MSFC and M$C, and Manager, Apollo-Skylab Programs, KSC,
"Skylah Student Project," 28 July 1972.

Key personnel in the Skylab Program from NASA Hq, MSC, KSC, and MSFC 12
participated in a telecon on design certification reviews (DCRs). Purpose was to
discuss a revised DCR approach that would reduce costs without major sacrificez
of DCR objectives. A concensus was reached on nece_ary actions to be taken on
the DCR scheduling and procedures.

Memorandum for record, .__hn H. Disher, NASA Hq, "DCR Approach," 12 July 1972;
memorandum, William C. Schneider, NASA Hq, to Associate Administrator for

Manned Space Flight, "DCR Appr, .acb" 20 July 1972.

R-.sponsibility for hardware for the Earth resources experiment package was t4
transferred to the Skylab Experiments Project Office in the Engineering and
Development Directorate, MS('. Responsibility for EREP has been assigned to

the Science and Applications Directorate since , /0, but now the program had
reached the stage of delivering hardware for integration and operation in the
Skylab Program.

t M$C Announcement 72-106, 14 July 1972,
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1972 A Skylab vibration and acoustics test program which began at MSC in January
1971 was completed. The 18-month test program was characterizedby extremeJuly
complexity requiring highly innovative testing techniques. It was the first time

I7 that an extensive testoperation was conducted with a computer-controlled system.
All components of the Skylab payload assembly were involved in the test program.
The comple:e assembly, as it would be at launch, underwent vibration and
acoustic tests. Ther the cone and shroud were removed, the ATM deployed, and

the CSM joined to the MDA fo- tests with the assembly positioned as it would be
in Earth orbit.

MSFC News Release 72-87, "Skylab Vibration and Acoustics Tests End," 17 Jaly
1972; MSFC, "Weekly Activity Keport," 2 August 1972; letter, E. F. M. Rees,
MSFC, to Ch/'istopher C. Kraft, Jr., MSC, 2 August 1972.

ix An Orbital Workshop all-systems test began on 17 July 1972 and was completed
on 7 August 1972 at McDonnell Douglas' Huntington Beach Vehicle Checkout
Laboratory. Following the test, which lasted 309 hours, a meeting was held tJ
verify that the OWS all-systems test had been successfully completed. At the
conclusion of th, meeting, it was agreed that pending closeout of the test

anomalies, all test requirements had been satisfied.

TWX, F. J. Sanders, McDonnell Douglas, to MSFC, MSC, NASA Hq, and KSC,

"Flash Report, OW-1 All Systems Test," 11 August 1972.

18-.19 The first command and service modules designed for the Skylab Program were

delivered by North American Rockwell. The CSM arrived at KSC via the Super
Guppy aircr_.tt. Upon arrival, the CSM, which would be launched on SL-2, was
installed in tiae Operations and Checkout Building to begin its checkout
procedure.

Newsletter, William C. Schneider, NASA Hq, to Dist., "Skylab Program News," 22

August 1972.

,_._g,nt A recommendation was ,nade during an Agency budget review to abolish two

I systems at KSC which were used primarily to support MSC for Apollo. The
two systems were the Apollo launch data system and the countdown and status
transmit system. MSC concurred in the deletion of the first of these immediately
fcllowing Apollo 17. MSC also conct,rred in deletion of the second one if a
meaningful cost reduction wot,ld be realized, even tbougl the C,;nter considered
the countdown and statu3 transmit system a desirable cap tbility.

Let*er, Christopher C. Klaft, Jr., MSC, to Kurt H. Debus, KSC, 23 August 197o.

* AM./MDA simulated flight tests and altitude chamber tests were completed at
McDormell Doaglas wtth the flight crew participating. During the altitude test,

the flight crew operated the systems as they would during an actual flight.

M,SC, "Skylab Weekly Activity R_.port," 1_ August 1:)72.
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Astronauts selected for Skylab missions are
i shown below being assisted by scuba divers

during training in the MSFC Neutral Buoy-
I ancy Taak. They are preparing for mission

extravehicular activity in which they will
install and retrieve Apollo telescope mount
film and thermal control _Jatings (experi-
ment) from the airlock module.

Above, the Apollo telescope mount flight article _
is shown being placed in the Space Envi-
rozmaent Simulation Laboratory chamber at
MSC for extensive thermal vacuum testing
to verify its ability to withstand the harsh
environment of space.

Astronauts Robert L. Crippen, William E. Thorn-
ton, ,,nd Karol J. Bobko receive moral sup-
port and best wishes from, left to right, Royce
Hawkins, Kenneth S. Kleinknecht, Sigurd A.
Sjoberg, and James Correale before entering
the 20-foot altitude chamber at MSC to par-
ticipate in a 56-day Skylab Medical Experi-
ments Altitude Test. The test, which started

26 July 1972, was designed to obtain medi,_al
data and evaluate medical experiment equip-
_-e::t planned for u._ein the Skylab program.
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SKYLAB: A CHRONOLOGY

!972 The Skylab Program Offices at NASA Hq and MSFC were reorganized to meet
the changing phase of Skylab activities.August

3 Memorandum, William C. Schneider, NASA Hq, to Managers, Apollo and Skyl&b
Programs, KSC, MSC, and MSFC, "ML Organization Realignment," 3 August 1972;
MSFC Charter No. 88, MM 1142.2, 3 August 1972.

a MSFC was conducting a seriesof manned tests in an altitude chamber to evaluate
the Skylab environmental control system. Crew comfort under simulated space
conditions was being emphasized. Tests were being conducted with chamber

pressure at sea level and reduced to 34.5 kilonewtons per sq m (5 psi, absolute),
the pressure normally found at an altitude of 8200 m. This was the internal
pressure level at which the Skylab was to operate in space.

NASA News Release 72-162, "Skylab Tests," 8 August 1.q72.

s-10 Critical design reviews were conducted at MSFC for student experiments for
which hardware development was approved. Representatives from KSC, MSFC,
NASA Hq, and MSC attended the reviews, as well as the student investigators
whose experiments were ievolved. Results of the reviews were satisfactory,

Letter, Leland F. Belew, MSFC, to Addressees, "Skylab Student Project Critical De-
sign Reviews," 13 July 1972; MSFC, "Weekly Activity Report," 17 August 1972.

9 The Skylab upgraded TV camera final design review was held at MSC. The
review covered in detail the electrical and mechanical design, as well as selected
manufacturing, test, and reliability ,aspects. Emphaqis was placed on previous and
current problem areas and solutions and on specific questions and discussion
subjects raised by Center and contractor attendees. Two design problems received
particular attention: camera hangup during retrieval into the sci_'ntific airlock
and lens adjustment binding duri_ g external low-temperatu, e camera operation.
Both problems were in the processof being resolved. _,

MSC, "Skylab Weekly Activity Report." 18 August 1972.

Io A meeting was held at Goddard Space Flight Center to discuss the possibility of
establishing an en_ergeacy mission covtrol center for Skylab at Goddard. Per-
sonnel from MSC and Goddard at,ended the meeting. The main point of
discussion centered around the desire to establish an emergency center at little or
no cost to the two Centers.

Memorandun 7or record, R. O, Britner, Goddard Space Flight Center, "Skylab Emer-

gency Mission Control," I_ Augus*, 1979.

1o MSC Skylab P:'ogrant Manage; Kenneth S. Kleinkne-bt said them was no basic
requireme,,t for including wine in the Skylab menu. In vetoing its use he :_id
that the beverage was not necessary for nourishment or to provide a balanced
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I PART IIl: SKYLAB DEVELOPMENT AND OPERATIONS |
diet; it was not a fully developed menu item and would involve an unnecessary 1972 I
expense; it would aggravate a minor galley stowage problem; its use would August

invalidate the experimental results of Experiment M071, mineral balance; and it
would result in adverse criticism for the Skylab Program.

"r Memoranda, Kenneth S. Kle_nknecht to Director, MSC, "Skylab Menu," 10 August

1972; Dale D. Myers, NASA Hq, to Deputy Administrator, "Use of Sherry on Sky-

lab/' 30 August 1972.

NASA Hq published instructions which outlined the basic duties, responsibilities, I1
and procedures to be followed in implementing a Skylab mission contingency
review.

OMSF, "Skylah Mission Contingency Review Plan"; letter of transmittal, William 2.
Schneider, NASA Hq, to MSC, MSFC, KSC, GSFC, and Patrick Air Force Base,
"Mission Contingency Review Plan," I 1 August 1972.

The Saturn IB first stage for the Skylab 2 launch arrived at KSC aboard the le
NASA barge Orion and was immediately offioaded for processing in the Vehicle
Assembly Building (VAB). Following preliminary checkout in the VAB transfer
aisle, the S-IB 206 first stage would be erected atop the 39-m-tall pedestal on
Moblie Launcher 1 on 31 August.

KSC News Release246-72, 22 August 197...

A design certification review of MSC Skylab Government-furnished equipment is
was held at MSC. Representatives from NASA Hq, MSFC, MSC, Martin
Marietta, arid The Boeing Company attended. Items of equipment covered
included Orbital Workshop food and food trays, biomedical instrumentation,
the carbon dioxide dew point monitor, the inflight medical supportsystem, Skylab
mobile laboratories, and radiation monitoring equipment.

"Minutes of Meet;ng, P_o,gn Certification Review, Pha_e II," 18 August 1972.

A Skylab Program safety analysis report was being prepared by NASA Hq for 20
submittal to the Administrator at the time of the flight readiness review. The
report would provide a compilation of the risks :tssociated with Skylab flights, the
manner in which they had been accommodated, and the rationale for acceptance
of the remaining risks.

Letter, William C. Schneider, NASA Hq, to Managers, Skylab Program, KSC, MSC,
and MSFC, "Safety Analysis Report f,)r Skyiab," 20 August 1972.

A Skylab Advisory Group w:Lsestablished at Headquarters for the purpose of 22
effecting maximum scientific and _echnological output frem the Skylab Proglam.
The Group, whose membership consisted of the Directors of tke Earth Observa-
tions, Life Sciences, Adv,_nced Manned Missions, Space Technology, and Physics
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1972 and Astronomy Offices, would meet on a regular weekly schedule with the Skylab

Ausust Program Director during the Skylab missions.

Newsletter, William C. Schneider, NASA Hq, to Dist., "Skylab Program News," 22

,_ August 1972. .i

2s Twenty-four Skylab suits were delivered by the space suit manufacturer, Inter-

national Latex Corporation; five were ready for delivery, nine were in the

manufacturing process, and material for the remaining three had been procured.

Letter,spaceWilliam C. Schneider, NASA Hq, to Associate Administrator for Manned 1F!ight, "Skylab Spacesuit Situation," 25 August 1972.

29 MSC Director Christopher C. Kraft, Jr., Deputy Director Sigurd A. Sjoberg,

Director of Life Sciences Richard S. Johnston, Director of Flight Crew Operations

Donald K. Slayton, MSC Sk)lab Program Manager Kenneth S. Kleinknecht, and

members of the Skylab medical experiments altitude tests (SMEAT) team met to

review tbe status of the test program. The team recommended that the test be
continued for its full duration of 56 days. Personnel at the meeting felt that the

56 days of physiological baseline data and the additional hardware and procedural
evaluation ;,hich could be performed ill the additional three weeks would out-

weigh ,any gain from an early termination of the SMEAT program. In addition,

early termination would shorten certain evaluations requiring other test programs
to be conducted. The consensus was timt SMEAT should proceed to its full

duration. The MSC Director approved the recommendation. Half of the max-
imum 56 test days were completed with the crew in excellent health and spirits.

The crew ,'rod test tea-ms were still performing to the preestablished time lines and
schedules with little or no deviations. The test showed that even though Skylab

equipment was built in the same manner as equipment for other space programs
and was thoroughly tested in qualification and acceptance tests, when the equip-

ment and crew were brought together in a flight environment, problems developed
tfat could not be discovered in other ways. One of the more significant problems

thus far was with an instrument called the metabolic analyzer, designed in part to

measure oxygen cons'treed and carbon dioxide produced. The instrument had

not been working as it should before the test, but it was hoped that enough

engineering data could be :,enerated during the test to correct the problems. The

test ,dso provided a means of bringing together a flight operations, medical, and

crew procedures team and giving them some indication of the problems they

might experience in working out their procedures in a flight environment.

"SMEAF Four-Week Status Report," 22 Auv.ust 1972; memorandum for record,

R. S. Jo},:aston, l September 1972.

Septemb,r Six mobile laboratories were being designed for postffigt_t conduct of the 5kylab
i

medical experiments. The laboratories would remain at MSC in a semiopera-
I

tional state until just prior to tai._ion termination. An ehtpsed time of 17 hours

would be required to fly the laboratories on a C-5A aircr:-ft from MSC to one of
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four Pacific islands in the splashdown area. A one-hour elapsed time from splash- 1972

down to laboratory entrance for the flight crew was established by experimenters s.p_m_,
as necessary to obtain experimental data before readaptafion changed the degree

of deconditioning caused by extended exposure of the crew to zero-g.

Letter. Kenneth $. Kleinkneeht and R. S. Johnston, MSC, to NASA SkTlab Program

Director, "Skylab Mobile Laboratories," 1 September 1972.

Art MSC team was conducting tests with the rescue mission configured Skylab
command module at KSC. Purpose of the test was to evaluate the equipment,

techniques, and procedures involved in the egress required by a five-man com-

mand module loading. Navy and Air Force helicopters were participating in
the test.

KSC, "Weekly Progress Report_" I September 1972.

A special ceremony at McDonnell Douglas, Huntington Beach, marked comple- 6-7

tion of the OWS, the main section of the Skylab space station. The OWS, with

a volume equivalent to that of a five-room house, was being readied for shipment

to Cape Kennedy aboard the USNS Point Barrow. The trip would take 13 days.

Officials present at the Orbital Workshop turnover at McDonnell Douglas, Hunting-
ton Beach, included, left to right, Willis B. Shapley, NASA Deputy Associate
Administrator; Casper Weinberger, Directnr of the Office of Management and
Budget; James C. Fletcher, NASA Administrator; Eberhard F. M. Rees, MSFC
Director; Walter F. Burke, McDonnell Douglas; and Dale D. Myers, NASA
Associate Admirtistrator for Manned Space Flight.
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1972 Casper Weinberger, Director of the Office of Management and Budget, and

$.ptember James C. Fletcher, NASA Administrator, attender, the completion ceremony.
Among officials who att, nded were William C. Schneider, Skylab Progran,
Director; Eberhard F. M. Rees, MSFC Director; Leland F. Belew, MSFC

Skylab Program Director; William Simmons, Jr., MSFC Workshop Manager;
Kenneth S. Kleinknecht, MSC Skylab Program Manager; Robert C. Hock, KSC

Skylab Program Manager; and Walter J. Kapryan, Director of Kennedy Launch
Operations.

Also attending were Walter F. Bu:ke, P:esident of McDonnell Douglas Astronau-
tics Company; Raymond A. Pepping, Vice President-General Manager, Skylab;
Fred J Sanders, Program Manager Skylab/Orbital Workshop; E. T. Kisselberg,
Program Manager-Skylab Airlock, and California Congressmen Alphonzo Bell
an_ Barry Goldwater, Jr.

MZ-FC, "S_71ab Program Office Weekly Activity Report," 12 September 1972;
"Minutes of OWS-1 Pre-delivery Turnover Report Board Meeting," 6 September

1972; TWX, O. S. Tyson, MSFC, to Dist., "OWS-I Shipment," 8 September 1972.

:s A Skylab Mission Operations design Certification review was held at MSC.
Representatives from NASA Hq, MSFC, MSC, KSC, Goddard Spat: Flight
Center, Lewis Research Center, North American Rockwell, and Ma't!a Marietta
attended. The agenda contained auch items as mission characteristics affectiv_g

flight operations, flight control team st_acture, major unique minion :asks, flight
crew training pro_am, and manned safety assessment and operations. The de-
sigrt certification review board certified the adequacy of planning and preparations
for all mission operation_ _requirements for Skylab, based upon the finding: of
the review, and contingent upon rite satisfactory closeout of the open items.

"Minutes of the Skylab I_1 _,sion Operations DCR," 15 September 1972; letter, Wil.
liam C. Schneider, NASA Hq, te Dist., "Skylab Mid,ion Operations Design Certifio,-
tion Re,,iew," 16 October 1972.

22 The Skyl_b Apollo telescope mount arrived at the KSC skid strip aboard a Guppy
aircraft. The ATM, ,vhich had been at MSC since mid-July, was immediately
moved to the Operations and Checkout Building in KSC's industrial area and
placed in the clea,lroom for intensive checkout. Tte ATM was scheduled to be
moved in January 1973 to the Vehicle Assembly Bailding for mating with the
OWS atop the two-stage Saturn V launch vehicle. Th-. 8kyl_b orbital assembly_
consistirg o_ the OWS, the ATM, and the AM/MDA_wa.s scheduled to be
launched from Pad A of Launch Complex 39 in late _ pril 1973.

KSC N_ws Release 270.-72, 26 September 1972.

_3 The Skylab 1 Orbital Workshop waa ofitoaded from a NASA barge and moved
into the transfer aisle of the Vehicle Assembly ,_:,ilding (V_,B) at KSC. The

OWS had arrived th."preceding day (22 Septer::ber) aboard the Point Barrow at
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The Skylab 2 crew participated
in a series of simulation

exercises in the MSC Sim-

ulation and Astronaut

Training Facility. The sim-
ulations, which ended 20

Septelnber 1972. included: ,
above, Joseph P. Kerwin !

at the Apollo telescope i

mount console; right, Ker-
win in the human vestibu-

lar function experiment

(MI31) chair with Paul J.
Weitz recording the results

at the right of the picture

and Charles Conrad, Jr.,

in th-. background riding
the bicycle ergometer; and,

bottom right, Conrad in-

stalling film in the Earth

Reso:.,rces Experiment
Package, located in the

"_'_ multiple docking adapter.
t

t
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1972 Port Canaveral, where it was transferred to a smaller barge for the journey

September through the locks, up the Banana River, and through the access canal to the barge
unloading area at the VAB. Following preliminary checkout, the OWS, with its

361.4 cu m of living and working area, was scheduled to be mated to the two-

stage Saturn V launch vehicle on 28 September.

KSC News Release270-72, 26 September 1972.

2S An Apollo telescope mount turnover review board meeting was held at MSFC

with representatives from NASA Hq, KSC, MSC, and MSFC in attendance.

There were no constraints to shipment from MSFC or KSC acceptance of the
ATM. No action items were assigned.

"Minutes of Meeting," 25 September 1972; letter, R. Ise, MSFC, to Dist., "ATM
Turnover ReviewBoardMinutes," 11 October 1972.

26 A news conference was held at MSC on the Skylab medical evaluation altitude

test, which had ended 20 September. The test had brought together a multi-

disciplinary team from the Life Sciences, the Flight Operations, and Flight Crew

Operations Directorates in a dress re _ ,rsal for the Skylab missions. The tests

had exercised the procedures and the ,.,,a management, reduction, and arrange-

ment it.to format for use in making decisions that would be needed in the Skylab

flights. Data to date indicated there would be no significant changes in the
functioning of the human body in the environment of Skylab. Some hardware

problems included the urine volume measuring system, the metabolic analyzer,

the sleep monitoring system, and food packaging. None of these, howcver, posed
any threat to the Skylab flight.

SMEATpress conference, 26 September 1972.

2n Agreements were reached between the Office of Applications and the Office of

Manned Space Flight on the management and conduct of the EREP project

assigned to Skylab. EREP was one element of an Earth resources survey program

designed to demonstrate the feasibilit_ of using remote sensing in the solution of

resources problems. Other elements of the Earth re_urces survey program

included ERTS, Earth resources aircraft program, ground truth studies, and

supporting research and technology programs.

Memorandum of understandingfor EREP management, Charles W. Mathewsand
Dale D. Myers,NASAHq, 26 September1972,

2a CSM 119 would be utilized in a daal role: as a spacecraft rescue vehicle for the
I tSkylab Program and later for the Apoho-So_ uz Test Project. However, CSM 111

would continue to be the primary Apollo-Soyuz Test Project spacecraft.

Letter, Christopher C. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, 28 September
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The multiple docking adapter, a major
experiment control center for the na-
tion's first manned space station,
moves through the air suspended
from a crane during tests at the
Martin Marietta facility at Denver.
The pier of the space station, it con-
talns two ports where Apollo com-
mand modules can dock. In the

picture at left, engineers are shown
testing the 7000 electrical connec-

tions and 9.3 km of wiring before the
unit was flown to the McDonnell

Douglas plant in St. Louis for mat-
ing and tests with the airlock module.

--Martin Marietta photo.

1972; memorandum, Dale D. Myers to Christopher C. Kraft, Jr., "Storage and Utili- 1972
ration of Apollo Command and Service Mudnles," 30 October 1972.

September

Representatives of MSFC, MSC, McDonnell Douglas, and Martin Marietta 28

attended an AM/MDA engineering walkarotmd inspection in St. Louis. The

general quality of the flight module was found to be acceptable.

Letter, J. A. Chambers, MSFC, and W. H. Douglas, MSC, to Managers, Skylab Pro-
gram, MSC, KSC, and MSFC, "AM-MDA Engineering Walkaround Inspection,"
25 October 1972.

An agreement was issued which defined the policy and responsibilities of KSC Ottolmr

and MSC for the control of MSC-licensed radioactive materi,'d designated for 2
launch support and flight at KSC. The agreement was approved by Kenneth S.

Kleinknecht and O. G. Morris (MSC) and R. C. Hock (KSC).

"MSC/KSC Subagreement on Control of MSC-Licensed R-dioaetive Material for

Apollo and Skylab Programs," 2 October 1972; letter, R. C. Hock to Dist., same
subject, 2 October 1972.

A modules and experiments design certification review was convened at MSFC. 2-a

Representatives from NASA Hq, MSC, MSFC, KSC, Ames Research Center,

LaRC, Department of Defense, Department of Transportation, various NASA

contractors, and Principal Investigators attended. Purpose of the review was to
assess and certify that the design of the OWS, MDA, payload shroud, AM, and

ATM met Skylab requirements for performance, reliability, ,and safety.

"Minutes of the MSFC Modules and Experiments Design Certification Review," 2-3
October 1972; letters, William C. Schneider, NASA Hq, to Dist., "Skylab MSFC

Modules and Experiments Design Certification Review," 11 December 1972; Kenneth
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1972 S. Kleinknecht, MSC, to Skylab Program Director, "Design Certification Status,"
15 November 1972.

October

3-29 The first major test of the OWS--the meteoroid shield deployment--was started
3 October at KSC. Problems were encountered with improperly torqued deploy-
ment torsion bars and latch failure in the open positinn. One torsion bar was

" replaced and the others retorqued. The meteoroid smeld was successfully de-
ployed on 22 October when three out of four latches worked, and it was judged
acceptable for flight. By 29 October all work had been completed, and the
meteoroid shield was placed in flight configuration.

KSC, "Skylab 1 Post-Launch Report," 8 June 1973, p. 2-8.

6 NASA Hq authorized MSC to acquire a computer to perform data acquisition,
monitoring, and storage of postflight medical experiments in the Skylab mobile

laboratory.

Letters, Christopher C. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, 11 August

1972; M. K. Wible, NASA Hq, to MSC Director, "ADP Acquisition Plan for

Computer System to Monitor Post Flight Medical Data in the Skylab Mobile Labora-

tory," 6 October 1972; memorandum, G. M. Truszynski, NASA Hq, to Associate
Administrator for Manned Space Flight, 5 October 1972.

The Skylab 1 airlock module and multiple docking adapter are moved to the work
stand at Kennedy Space Center.

!' ....

t

• • ' ? i iitJ

1978008581-296



PART III: SKYLAB DEVELOPMENT AND OPERATIONS

Experience gained during the design and development of the Skylab Program 1972
showed that contamination and its control required considerable attention during Octob,r
development and test phases and during flight operations; therefore, it was
recommended that the Space Shuttle Program give consideration to the estab- lo

lishment of a full-time group of qualified personnel to handle the subject of
contamination.

Memorandum, William C. Schneider, NASA H% to Acting Director, Space Shuttle

Program, "Contamination Control on Skylab as it relates to Shuttle," 10 October
1972.

i

A cluster communications zompatibility meeting was held at MSC. Representa- 11

tives from MSFC, Goddard Space Flight Center, and MSC attended. Purpose

was to review the status of testing AM and ATM communications systems. AM
audio and television systems were nearly complete. ATM telemetry and command

systems were complete.

MSFC, "Weekly Acti'_ity Report," 24 October 1972; letter, Leland F. Belew, MSFC,

to Director, Skylab Program, "Skylab Communications Operational and Compatibility

Testing," 16 October 1972.

The test report on the Skylab medical evaluation altitude test which ended 20 is

September noted that potential hardware problems had been recognized, but that
early recognition afforded time for ,-malysis and resolution before use of the hard-

ware in the Skylab missions. A higher degree of confidence had been gained in
the ability of the medic_d hardware to support the Skvlab objectives. Skylab flight

control personnel and Principal Investigators participated in the test under simu-

lated manned space flight network conditions to evaluate support required for

actual missions and to note where improvement could be made. Safety, reliability,

and quality assurance personnel were exposed as a team to the integrated per-

formance of Sk)'lab medical hardware and would develop their overall plan to

support actual missions.

"SMEAT Test Report," 18 October 1972.

A Skylab cluster systems design certification review was conducted at MSFC with 19
representatives from NASA Hq, MSFC, KSC, Lewis Research Center, and MSC.

Contractor representatives included Martin Marietta, McDonnell Douglas, TRW,

IBM, and Bendix Corporation. The review concluded the flight hardware and

systems design certification effort which had begun earlier in the summer, All

hardware was certified for flight with the closing out of identified open items.

"Minutes of the Cluster Systems DCR Held at MSFC," 19 October 1972; memoran-

dum, William C. Schneider, NASA Hq, to Dist., "Skylab Cluster Systems Design
Certification Review," 15 December 1972.

The multiple docking adapter backup flight unit was delivered to McDonnell 2s

Douglas following an acceptance review at Martin Marietta Corporation, Denver.
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1972 The unit would be mated with the airlock backup flight unit and checked out to
ensure readiness to support the Skylab 1 launch.October

MSFC, "Skylab Weekly Activity Report," 31 October 1972.

The Skylab airlock module/multiple docking adapter is shown during offloading pro-
cedures at Cape Kennedy's Skid Strip, after arrival on the Super Guppy aircraft.

November In the exchange of a series of letters which began earlier in the year, the directors

I of various NASA Centers agreed that some scientific and technical management
functions for the EREP would be accomplished by Centers other than MSC.

Letters, Christopher C. Kraft, Jr., MSC, to H. Mark, Ames Research Center, E. F. M.

Rees, MSFC, J. F. Clark, Goddard Space Flight Center, K. H. Debus, KSC, E. M.

Cortright, LaRC, and B. Lundin, Lewis Research Center, 18 April 1972; E. F. M.

Rees to C. C. Kraft, Jr., 1 May 1972; H. Mark to C. C. Kraft, Jr., 2 May 1972;

J. F. Clark to C. C. Kraft, Jr., 12 May 1972; K. H. Debus to C. C. Kraft, Jr., 16 May

1972; E. M. Cortright to C. C. Kraft, Jr., 23 May 1972; B. Lundin to C. C. Kraft, Jr.,

16 May 1972; C. C. Kraft, Jr., to E. M. Cortright, 1 November 1972; C. C. Kraft, Jr.,

to B. Lundin, 7 November 1972; C. C. Kraft, Jr., to H. Mark, 7 November 1972;

C. C. Kraft, Jr., to K. H. Debus, 14 November 1972; E. F. M. Rees to C. C. Kraft,

Jr., 1 December 1972; H. Mark to C. C. Kraft, Jr., 4 December 1972.

9 Representative examples of guidelines for the Skylab crews included:

• Eight hours of sleep a day simultaneously. This was based on an analysis

of previous flight experience.

• A duty day between 6 a.m. and 10 p.m. either CST or CDT.
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PART III: SK_tLAB DEVELOPMENT AND OPERATIONS

• Simultai_eous one-hour meal periods except for the noon meal when one 1972

crew men lber would he operating the ATM. November

• One and a half hours a day per crew men_ber for personal hygiene.

• Four to four and a half hours per crew member a day for equipment

housekeeping.
• One day off in every seven; days off"would be keyed to Earth-resources ex-

periments package passes. No crew activities on off days except for housekeeping

chores, flares, the mineral balance experiment, reentry simulations, debriefings,

and passive experiments.

"Minutes, Manned Space Flight Management Council Meeting," 8-9 November 1972.

Restrictions were placed on the dissemination and use of certain Skylab telemetry is

data known as Skylab medic_d data. These restrictions were defined, and agree-

ment was reached on the method of procc_4ng the data to conform to the

Iestrictions imposed.

"MSC/MSFC Inter-Center Agreement on Skylab Medical Data," 15 November 1972.

The Skylab mi_ion crew patches were approved by the Associate Administrator l z

for Manned Space Flight.

• The patch for tt'e first Skylab crew represented the silhouette of the Skylab

cluster in front of the Earth with the eclipsed Sun behind the Earth.

• The patch for the second crew depicted the three major objectives of
Skylab: study of the Sun, of the pl,mct Earth, and of man himself.

• The patch for the third Skvlab crew referred to the three major areas of
investigation proposed in the mi_si_m and to the spirit of unification which the

crew felt w,_ an essential dement in man's quest for understanding.

Letters, Ch,'istopher C. Kraft, Jr., MSC, to Dale D. Myers, NASA Hq, undated;

Dale D. Myers to Christopher C. Kraft, Jr., 24 November 1972.

The Depzu'tment of the Army agreed to extend the loan of six expandable medical la

units to NASA until January 1974. The units would be used to a_sist in main-

taining the integrity of the Skvlab medical experimmus during the immediate

postflight periods.

Letter.*, R. S, Johnston, MSC, to S. J. Turnbull, Department of the Army, 18 Novem-

ber 1972 ; S. J. Turnbull to R. S. Johnston, 5 December 1972.

NAS-k Hq published instructions defining the review procedure and requirements 21
for the flight readinea_ review which would be conducted before each Skylab
mig*ion. Each review would cover the readinexs as_e,_,ment of the CSM, AM,

MDA, ATM, OWS, payload shroud, launch vehicle, ground support equipment,

launch complex, lautlch support, all operational elements, flight experiments, all
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1972 software including computer programs, and all safety and emergency provisions

and procedures. In short, the review would assess the suitability of a particularNovember
space vehicle for a scheduled flight mi._sion assignment, as well as the readiness of

the operational elements required to support the mission.

Skylab Program Directive No. 59, "Skylab Flight Readiness Reviews," 21 November
1972.

24 The Skylab debris situation w,xs reviewed with emph_Lsis on the S-IVB stages of

Skylab 2, 3, and 4. It was decided that the S-IVB for the_ missions would be

deorbited into the Pacific Ocean on an early revolution. The deorbit would be

achieved by controlled venting of the S-IVB, dumping propellants through the

main engine to provide sufficient rctrovclocity for reentry. The capability to

perform the deorbit would be evaluated and determined during flight; however,
executkm of the maneuver would be controlled from the grotmd. (The deorbit

technique was the same used on early Earth-orbit Apollo missions.)

Memoranda, William C. Schneider, NASA Hq, to Associate Administrator for Manned

Space Flight, "Deorbit of SIVB Stages," 20 November 1972; Dale D. Myers, NASA

Hq, to the Administrator, "Skylab Program, Deorbit of SIVB," 28 November 1972;
TWX, William C, Schneider to Kenneth S. Kleit&necht, MSC, R. G. Smith and

Leland F. Belew, MSFC, and R. C. Hock, KSC, "Dcorbit of Skylab SIVBs," 28 No-
vember 1972.

30 In a number of instances in the Skylab Program, cost savings were obtained by

accepting greater payload weights. Examples cited were

• The payload shroud, where a conservative estimate of savings at the

expense of 5900 kg of payload w_.s approximately $35 million.
• The gas storage system where a 2700-kg heavier payload resulted in an

estimated savings of $5 million.
• Other structural elements, in addition to the payload shroud, accommo-

dated 2200 kg of added payload weight for an additional savings of $35 million.

Memoranda, William C. Schneider, NASA Hq. to Associate Administrator for Manned

Space Flight.. "Samples of Skylab Cost Savings at the Expense of Payload Weight_"
30 November 1972 and 15 December 1972.

Jo Nine Skylab astronauts completed a training session in the Space Environment
Simulation Laboratory _,t MSC. Purpose of the session was to familiarize Skyla0

mission crews 3 and 4 with the intravehicular and extravehicular operation of the

Skvlab extravehicular mobility unit. Each of the astronauts participating in the

training donned the Skylab life sttptx_rt zt_sembly, entered the chamber B manlock,

and e_aluated his comfort level, flight checkout procedures, off-normM operations,

and the pressure contrc: u,fit caution and warning displays. The training was
conducted in vacuum conditions.

"Space Environment Test Division Weekly Activity Report," 30 November-6 Decem-
ber 1972.
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Objection was voiced to a proposal that the Saturn V backup launch capability 1972
and all activities _ssociated with it be terminated immediate')' following the first December

manned mission of Skylab. Reasons for the objection were
r

• NASA would be placed in the position of retaining a backup capability

for the most reliable portions of Skylab and disposing of that capability for the

most immature elements such as the Workshop and solar arrays.

• Cost of storing these elements at the factory during the missions would be

small since flight support and postflight analysis would need to be retained until

the spring of 1974.

• Without the backup capability, the possibility existed that the program

could end up with no 28-day medical data, no science data, and no EREP data,
just a $2.6-billion failure.

Letter, William C. Schneider, NASA Hq, to Associate Administrator for Manned

Space Flight, "Back-Up Saturn V," 7 December 1972; note, Dale D. Myers, NASA

Hq, to William (2. Schneider, "Back-Up Saturn V," 6 September 1972.

In spite of its small crew and limited number of missions, Skylab would be an 8

impressive facility for research in orbit. More than 3500 astronaut-hours woutd

be allocated to the performance of 270 separate scientific and technologiral

investigations embracing almost every field capable of utilizing the unique prop-
erties of the orbital environment. These investigatie,,_ would cover astronomy;

remote sensing for forestry, agriculture, water resoure _s, oceanography, meteor-

olog% regional planning, geology, mineral resource pro', peering, and cartography;

medical and physiological studies of man; cosmic ray st,idles and x-ray and ultra-

violet astronomy; and metallurgy and materials processing.

Memorandum, Dale D. Myers, NASA Hq, to the Administrator, "Scope of Skylab

Experiment Program," 8 December 1972.

President Richard M. Nixon's statement on the U.S. space program following the 19

splashdown of Apollo 17 noted the role of Skylab: "The safe return of the

command module America marks the end of one of the most significant chapters

in the history of human endeavor ....

"The making of space history will continue, and this Nation means to play a

major role in its making. Next spring, the Skylab will be put into orbit. It will be

aimed not at advancing the exploration of deep space, but at gaining in space

new knowledge for the improvement of life here on earth. It will help develop
new methods of learning about the earth's environment and the earth's resources,

and new methods of evahmting programs aimed at preserving and enhancing the
resources of all the world. It will seek new knowledge about our own star, the

Sun, and about its tremendous influence on our environment. Scientists aboard

the Skylab will perform medical experiments aimed at a better knowledge of
man's own physiology. Also, they will perform experiments aimed at developing

new industrial processes utilizing the unique capabilities found in space. Skylab

1978008581-3(



Skylab unmanned launch configurations.

1972 will be our first manned space station. It will be in use for the better part of a

_=b,r year, permitting the economy of extended usage, and laying the _oundwork for
further space stations .... "

PresidentialDocuments,25 December 1972,p. 1788.

20 Michael. W. Whittle, a Royal Air Force medic;4 officer, began a tour of duty w-th

MSC a.s the first of several foreign aerospace doctors who would work with U.S.

scientists on Skylab. It was anticipated that aerospace doctors from West Ger-
many, Spain, and Sweden would receive similar ,x_signments in the near future.

The doctors would be financed by their respective countries at no expense to
NASA.

Letters,A. W. Frutkin, NASA Hq, to A. Hocker, DirectorGe_,eral,European Space
ResearchOrganizationet al., 10 May 1972; A. W. Frutkin to W. Harbison, Royal '_
Air ForceStaffBritishEmbassy,20 December 1972.

26 NASA Hq published instructions which defined the Skylab portion of the NASA
educational program. Subjects inchtded in the pro_am were video documentation;

teacher services; lecture demonstrations, conferences, and speaker services; curric-

ulum resources; slide and film presentations: youth programs; and adult programs.

Skylab ProgramDirectiveNo. 60, "Skylab EducationPrc_gram,"26 December 1972.

1973 The Aerospace Safety Advisory Panel, at the request of the NASA Administrator,

a*""*_ undertook an extensive review of the Skvlab Program. Priorities in the review,t
were given to the activities and systems deemed to be most critical to crew safety
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PART III: SKYLAB DEVELOPMENT AND OPERATIONS

and mission success: 197'3

January
• Contractor development and n,anufacture of Skylab mudules and asso-

ciated NASA management activities. (This included factfinding trips to principal
contractor and NASA management Centers.)

• NASA management activities for the evaluation of design and hardware
:._ maturity and mission operations planning and preparation.

The Panel was satisfied with the technical management system for development
and fabrication of the modules, spacecraft, and launch vehicles; the design and
hardware acceptance reviews; and preparations for and execution of mission
operations. They felt that the NASA/industry team was mature and that it was
applying careful planning and responsible management to the hardware, software,
and checkout operations. However, some mission operational areas, cluster t

change control, and integrated testing would require continued future emphasis.
Some of these specific areas were contractor policies for joint operational activ- ]

ities; fire extinguishment and toxicity controls; and flammability of materials. !
Following the presentation of the written report, the Panel, by letter of 26 January
1973, was requested by George M. Low (NASA Hq) to cJntinue the review and
provide comments before each Skylab flight. This would include consideration of
prelaunch activities, test, and checkout activities, mission preparations, and the
areas identified in the study as warranting continued emphasis. The Panel would
also review mission operations for each flight to assess the basis for confidence in
mission operation for the next flight. In this area, the Panel conducted a compre-
hensive review of MSC operations activities on 12 and 13 March 1973.

Panel personnel were Carroll H. Dunn, chairman; Frank C. DiLuzio, Henry
Reining, Jr., Bruce T. Lundin, John A. Hornbeck, and Harold M. Agnew, :_
members; William A. Mrazek, consultant; and Gilbert L. Roth, Carl R. Praktish,
V. Eileen Evans, staff.

Volume I, Summary Repcrt to _he Administrator by the NASA Aerospace Sa/ety

Advisory Panel on the Skylab Program, January 1973; letters, C. H. Dunn to J. C.
Fletcher, NASA Hq, 4 January 1973; C. A. Berry, NASA Hq, to Director, Skylab

Program, NASA Hq, "Skylab Between Mission Durations," 14 February 1973; memo-
randa, D. D. Myers, NASA Hq, to the Administrator, "Third Annual Report of the

Aerospace Safety Advisory Panel," 27 June 1972; W. C. Schneider, NASA Hq, to

Associate Administrator ¢or Manned Space Flight, "Comments on Third Report of the

Aerospace Safety Advisory Panel," 26 June 1972; G. L. Roth to Manager, Skylab
Program, MSC, "MSC Review," 14 February 1973; JSC (formerly MSC), "Skylab
Program Office Weekly Activity Repo t, 16 March 1973.

At a Manned Space Flight Management Council meeting, William C. Schneider i0
(NASA Hq) emphasized the mounting pressures from open work at KSC and the
demanding schedule for integrated systems testing during February and March.
As examples he cited the following areas:

• February ATM system verification , I_IGINALPAGE 1_1
AM/MDA/OWS end-to-end system test OF POOR QUA_
SL-2 (first manned Skylab launch) vehicle rollout to Pad B
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1973 * March Stowage and crew compartment fit and function review
SL-1 and SL-2 flight readiness test

Sanuary

Summary of Action Items, Manned Space Flight Management Council, 10 January
1973.

is At a NASA general management review, Dale D. Myers summarized Skylab
problems which were aggravated by a requirement to replace a control and
display panel in the multiple docking adapter--one of the pacing program items.
He told the general management review group that confidence in the ability to
maintain an April lam.-.h date was slipping. Following the review, a decision was
made to delay the launch of SL-1 and SL-2 until May 1973, with tentative
launch dates of 14 and 15 May. An evaluation of launch intervals between SL--2
and SL-3 and between SL-3 and SL-4 was being made to determine if an
approximate recovery date of 21 December 1973 could be maintained.

TWX, William C. Schneider, NASA Hq, to MSC, MSFC, KSC, and GSFC, "Skylab
Planning," 22 January 1973; OMSF, "Summary of January Action Items," 10 Febru-

ary 1973; memorandum, Dale D. Myers, NASA Hq, to the Administrator, "Re-
scheduling of Skylab I Workahop Launch," 24 January 1973.

17-19 A three-day mission planning simulation was conducted at MSC. Work was
underway to resolve the problems identified during the simulation. Consideration
was also being given to replacing the planned two-day on-orbit simulatiorm with
three-day simulations. A decision on this change would be reflected in a revised
mission planning simulation schedule.

MSC, "Skylab Program Office Weekly Activity Report," 26 January 1973.

19 MSFC began implementation oi a plan for preparation and storage of un-
assigned Saturn hardware, phaseout of the Saturn V production capability, and
amendment of the facility operations contract at the Michoud Assembly Facility
for minimum surveillance of stored hardware•

Letter, E. F. M. Rees, MSFC, to Dale D. Myers, NASA Hq, "January Management

Council Meeting," 19 January 1973.

19 A design certification review was held at KSC. Primary and supporting Center

responsibility was axsigned for certain action items. Input from the supporting
Center would be utilized by the Center having primary responsibility in generating
the closeout information for the action. In the majority of the action items, KSC

was ,assignedprimary responsibility, with MSFC providing support.

Letters, William C. Schneider, NASA Hq, to MSFC, MSC, and KSC, "Launch Com-
plex 39 Delta DCR and Integrated SWS and Launch Vehicle GSE/ESE DCR-Action

Items," 30 January 1973; William C. Schneider to Dist., same title, 22 February
1973; William C. Schneider to Associate Adminis;rator for Manned Space Flight_

"DCR Action Items," 22 March 1973.
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

KSC processing of SL-I and SL 2 was progressing as planned. The Workshop 1973

and its associated modules were successfully stacked 29-31 January. No major January 19-
problems were encountered in the SL-2 processing. Propell._nt loading and

unloading, facilities, and ground support equipment tests were conducted on the _eb,ua,y2

Saturn IB launch vehicle at Pad B. Following tests, the vehicle was rolled back

to the Vehicle Assembly l_uilding. Prime and backup crews completed manned
altitude chamber tests of the SL-2 command and service modules on 19 January,

following which the spacecraft was moved to the Vehicle Assembly Building
where it would be erected on the S-IB.

"Skylab Engineering Weekly Highlight Reports," I 8, and 16 February 1973; Manned

Space Flight Management Council, "Summary c,i Proceedings," 14 February 1973.

An ATM calibration rocket s/stems launch was accomplished at the White Sands 22

Test Facility in New Mexico. The launch was one of a series to qualify the

calibration rocket program before the Skylab missions.

MSFC, "8kylab Weekly Activity Report," 23 January 1973.

An evaluation to determine the impact of changing the Skylab 1 and 2 launch a4

dates indicated that the greatest impact was on the crew training activities. The

evaluation indicated that the star charts aboard the Orbital Workshop were

launch-date dependent. Changeout packages were being prepared for the star

charts which would be carried in the command module. Changeout packages

were also being prepared f_r the rendezvous book, the ATM systems checklist and

data book, the flight plan, and the flight plan sequence for the activation and
deactivation checklist.

MSC, "Skylab Program Office Weekly Activity Report," 2 February 1973; JSC, "Sky-

lab Program Office Weekly Activity Report," 23 February 1973.

MSFC Director Eberhard F. M. Rees retired. He had served as Director since 2_

1 March 1970. Rocco A. Petrone, NASA Apollo Program Director, became the
new MSFC Director.

MSFC PAO; Marshall Star, 17 January 1973.

Checkout of the AM/MDA and ATM flight units was completed at KSC, and 29-3o
the units were mated to the launch vehicle.

MSFC, "Weekly Activity Report," 30 January 1973.

A customer acceptance readiness review for the Skylab television system was F*b_a,v

completed at Westinghouse Electric Corporation, Baltimore. The unit was being s
as_gned to the qualification test program for testing.

MSC, "Skylab Program Office Weekly Activity Report," 9 February 1973.

293

- 197------- -"""8008581



The Apollo telescope mount is shown
being moved from a clean room in
the KSC Manned Spacecraft Op-
erations Building. It was taken to
the Vehicle Assembly Building and
mated with other components of
the Skylab Orbital Workshop
cluster.

1973 The Manned Space Flight Management Council acting in the capacity of a de-

".bru.r_ sign certification review board completed the following Skylab Program reviews:

12 Saturn launch vehicles 7-8 June 1972
Command and service modules and

MSC experiments 10-11 Aug. 1972

Mission operations 15 Sept. 1972
MSFC modules and experiments 2-3 Oct. 1972

Cluster systems 19 Oct. 1972

Launch Complex 39 and integrated ground and

electrical support equipment 19 Jan. 1973

The adequacy of the design performance requirements and verification programs

for Skylab vehicles, spacecraft, modules, experiments, cluster systems, launch

complex and ground support equipment, and mission operations planning were

examined to certify that equipment and operational elements could safdy accom-
plish the planned Skylab mission.

Memorandum, Dale D. Myers, NASA Hq, to the Administrator,"Skylab Design
CertificationReviews," 12 February 1973.

14 At a Manned Space Flight Management Council meeting, William C. Schneider
(NASA Hq) summarized the results of a Skylab study on launch interval options.

The purpose of the study had been to assess the potential effect of reducing the

interval between SL-2 and SL-3 by 5 days and between SL-3 and SL--4 by

10 days. The study indicated concern about launch abort lighting, night recover),,

and circadian rhythm on SL-4 and about a reduction in the mission planning

cycle between SL-3 recovery and SL-4 launch to 27 dayz. The Council accepted
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Schneider's recommendation to retain the previously scheduled launch intervals 1973

shown below. Planning would proceed on that basis, r_b,_.,v

Mission Launch Recovery*

Skylab Workshop (SL--1) May 14, 1973 _ :_
First manned mission (SL-2) May 15, 1973 June 12, 1973

Second manned mission (SL-3) Aug. 8, 1973 Oct. 3, 1973

Third manned mission (SL-4) Nov. 9, 1973 Jan. 4, 1974

*No nighttime recoveries were planned.

Manned Space Flight Management Council, "Summary of Proceedings,"14 February
1973; TWX, WiUiamC. Schneider to MSC, MSFC, KSC, and GSFC, "SkylabPlan-
ning," 16February 1973.

The North American Rockwell Corporation and Rockwell Manufacturing Cor- _5

poration merged to become Rockwell International Corporation.

Telecon, R. Newkirk, Historical Servicesand Consultants Co., to Lyle Burt, Rockwell
International, 15 October 1974.

The Manned Spacecraft Center at Houston, Texas, was officially redesignated the ix
Lyndon B. Johnson Space Center in honor of the late President.

MSC Announcement 73-34, 17February 1973.

Astronaut Robert A. R. Parker was designated Skylab Program Scientist and 1_

would be responsible for ensuring that the inflight Skylab science requirements to
be implemented by flight operations elements were compatible with NASA and

Skylab program requirements. John R. Sevier served as Assistant Program Sci-

entist. Parker w,xs assigned to Skylab Program Manager Kenneth S. Kleinknecht

and during actual mission operations would respond to the dii'ections of the

Skylab Program Director and the MSC and MSFC Skylab Program Managers.

MSC AnnouncementNo. 73-32, "Key PersonnelAssignment,"2 March 1973.

The OWS high-fidelity mockup arrived at MSFC from McDonnell Douglas, _o

Huntington Beach. It was updated for u_ as a systems engineering mockup along

with an AM/MDA and the ATM dynamic test articles, which were modified at
MSFC for this use.

MSFC, "Weekly ActivityReport," 27 February 1973.

A customer acceptance readine._s review for Skylab flight food was held at Whirl- 2=-=3

pool Corporation in St. Joseph, Michigan. Items of OWS were accepted. How-

ever, the CSM flight and backup food were not accepted because of lack of
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1973 stowage definition and the required stowage drawings in the data pack. This

food would be accepted when the stowage arrangement in the CSM was defined.February

JSC, "Skylab Program Office Weekly Activity Report," '2 March 1973.

February27- The Skylab 2 spacecraft, mated to its launch vehicle, was transferred 27 February
from the KSC Vehicle A.ssembly Building to Launch Complex 39B in preparation

May 25
for launch. The SL 2 space vehicle consisted of the following major components:

an S-IB (the first stage); an S IVB (the second stage, which comprised the

propulsion stages); an I13; a CSM; and an SLA. The next five paragraphs trace

the SL-2 from the arrival of the component parts at KSC through liftoff.

The S-IVB stage had arrived at K.SC on 24 June 1971 and wlts placed in storage

until 17 April 1972. The CSM arrived on 19 July 1972 and was immediately

moved into the Operations and Ch::ckout Building for s)stel.,as testing. The S-IB
and the IU both arrived on 22 August 1972. On 5 September 1972 the S-IVB

was mated to the S-IB. Three days later, 8 September 1972, the IU was mated
to the S-IVB.

Since SL-2 was the first Saturn IB space vehicle to bc launched from LC-39, it

was necessary to verify the modified facilities and systems. Therefore, the SL-2,

The Skylab 4 crew is shown during preflight training in the Mission Training and
Simul._don Facility at JSC. Commander Gerald P. Carr, right, is seated at a

simulator representing the ctmtrol and display console of the Apollo telescope
mount. Scientist-astronaut Edward G. Gibson is seated at the left, and William

R. Pogue is in the left background.
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

with a boilerplate spacecraft, was moved to LC-39B on 9 January 1973. The 1973

mobile service structure was positioned on 12 January 1973, and the fit, function, February
and facility systems tests required in support of the SL--2 launch were performed.

The Propellant Loading All Systems Test was performed on 29 and 30 January,
1973. The SL-2 was then returned to the Vehicle Assembly Building.

On 9 Fe.bruary t973 the SLA was mated to the CSM. The CSM/SLA was then
moved tothe Vehicle Assembly Building on 20 February 1973 and mated to the

launch vehicle the following day. Transfer of the SL-2 to LC-39B was completed

27 February.

The space vehicle Flight Readiness Test was completed on 5 April 1973. The
Countdown Demonstration Test began on 25 April 1973. At 8:00 a.m. EDT

9 May 1973, the launch countdown for SL-2 was started.

Because of the meteoroid shield anomaly and failure of the solar wings to deploy

on the Workshop, the SL-2 launch was scrubbed on 14 May 1973 at T minus 14

hours 35 minutes (9:10 p.m. EDT 14 May), and scrub turnaround procedures
started. The countdown clock was then held at T minus 59 hours until count-

down resumed at 10:30 p.m. EDT 22 May 1973. SL-2 was successfully launched

at 9:00 a.m. EDT on 25 May 1973 (see 25 May 1973 entry).

KSC, "Skylab 2 Post-Launch Report," 21 June 1973, pp. 7-1, 7-2.

During a news conference in Washington, Charles "Pete" Conrad, first manned 2a

Skylab mission commander, reviewed activities that would be conducted during
the SL--2 mission.

NASA News Release, "Press Conference with Pete Conrad," 28 February 1973.

MSFC Director Rocco A. Petrone initiated an MSFC flight hardware integrity M.ra,

review at MSFC and contractors' facilities. The purpose of the review was to l

ensure integrity of MSFC-developed hardware by examining in-depth specifica-

tions, design and design changes, failures, and test results of critic,'d hardware

components and systems ,_ociatcd with the activation sequences. The review was

scheduled to bc completed before the MSFC preflight readiness review meeting

in mid-April.

MSFC, "Weekly Activity Report," 20 March 1973.

Following two lightning strikes on Apollo 12 whilc in flight and a strike on the a

launch umhilical tower while Apollo 15 was on the launch pad, an intra-Center
tdecon wi_h participation from NASA Hq, KSC, JSC, ,and MSFC was held to

discuss previous studies on lightning. It was determined that analyses and correc-

tive actions accomplished since the strikes on Apollo 12 had reduced to a very low

probability the chance of system damage to Skylab vehicles from lightning strikes.
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1973 Memorandum for record, H. Wong, NASA Hq, "Lightning Strikes," 8 March 1973.
March

s During a meeting of the Manned Space Flight Management Council, R. C. Hock
(KSC) sumnmrized the major test milestones completed and those remaining to

be completed on SL-I and SL-2 in order to meet tile launch planning dates of

14 and 15 May 1973.

KSG Presentation Outline fi)r MSF Management Council, 8 March 1973; Manned

Space Flight Council, "Summary of Agreements and Action hems," 8--9 March 1973.

iv Consideration was being given to the feasibility of a second set of Skylab missions

(designated Skylab-B) during the interval between the Apollo-Soyuz Test Project

in 1975 and the start of Space Shuttle operations late in 1979. The inherent
worth of a Skylab-B w,'_srecognized, but officials were reluctant to recommend it,

on the premise that it would be unwi_ to allow it to delay or displace the develop-

ment of the Space Shuttle and other programs already included in the FY 1974

budget.

Letter, James P. Fletcher, NASA Hq, to Lowell P. Weicker, Jr., U.S. Senate, 19 March

1973; note, William C. Schneider, NASA Hq, to Dale D. Myers, NASA Hq, "Skylab-B

Planning," 15 March 1973; mem_randum, William C. Schneider to Deputy Director,
Budget and Pro_am Analysis, "Req_,est ft_r Answer Regarding Skylab-B," 19 March
1973.

20 To reduce the po._sihility of fire hazards onboard spacecraft, NASA adopted a
rigid materi,'ds selection and control program based on elimination of flamma-

ble materials and substitution of nonflammable or self-extinguishing materials

wherever po_ible. Where this was not possible, flame propagation paths were

eliminated. In addition, a two-g_l._system w,xs adopted, fire sen._)rs were added to

the caution and warning systent, fire extinguishers were installed in all elements

of the Sk.vlab cluster, and crews were trained in fire-fighting and evacuation
methods.

Memorandum, Dale D. Myers, NASA Hq, to the Administrator, "Full-Scale Flam-

mability Testing on Skylab," 20 March 1973.

2s.-ao The Skylab flight hardware successfully completed the first total mi._sion oper-

ations sequence dttring the mi_ion simulation and flight readines_ test at KSC.
The test included the SL-2 astronaut crew participation in the simulated launches

of SL-I and SL-2, mission activation and operation, deactivation, data dump,

and powerdown.

KSC Skylab Spacecraft Integrated Daily Schedule, 30 March 1973.

as The USNS Vanguard, a part of NASA's Space Flight Tracking anti Data Network,

departed Port Canaveral, Florida, for temporary duty at Mar del Plata, Argen-
tina. The ship would provide it two-way flow of infi_maation and communication
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A Martin Marietta aerospace test engineer, wired with i
heart-rate measuring electrodes and breathing
through a metabolic analyzer hose, rides an ergom-
eter, a device resembling a stationary bicycle, in a
full-scale Orbital Workshop mockup. Martin Mari-
etta designed and produced equipment for this ex-
periment to enable physicians on the ground to
measure oxygen consumption, body temperature,
heart rate, and blood pressure during Skylab mis-
sions. The engineer on the right checks a display
panel to see that the participating engineer does not
exceed predetermined physical limits.--Martin
Marietta photo.

Astronauts Charles Conrad, Jr., and Joseph P. Kerwin
sample food in the wardroom of the Orbital Work-
shop during a crew station review (above). At the
left, a Martin Marietta aerospace engineer checks
the foot-controlled maneuvering unit in a full.scale "
mockup of the Skylab Orbital Workshop,_Martin ,i

Marietta photos.
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SKYLAB: A CHRONOLOGY

1973 between Skylab and Mission Control Center in Houston via Goddard Space

March Flight Center. Upon completion of the Skvlab Program, it would return to Port
Canaveral. The Vanguard was originally designed to provide tracking and data

acquisition for the Apollo flights. It played an important role in the Apollo

Program.

GSFC News Rrlease, "Vanguard Tracking Ship to Argentina for Skylab Support,"

28 March 1973; Cocoa, Florida, Today, 28 March 1973, pp. IB, 2B.

2. An agreement was published which provided for tile optimum utilization of

resources in programs and projects in which both JSC and MSFC had develop-
ment roles. It would permit the direct application of each Center's institutional

resources for the benefit of visiting members from the other Center.

"MSC (sic)/MSFC Inter-Center Agreement on Institutional Resources," 29 March

1973.

Ap,lJ An ATM Naval Research Laboratory rocket calibration launch was unsuccessful

due to two major discrepancies. ]'he guidance system failed to work properly and3

the recovery system failed. The launch was a qualification test flight of the rocket

vehicle, science package, and support equipmeut which would be flown during

the manned Skylab mission to calibt,tte the Naval Research Laboratory instru-
ment in the ATM. This calibration would establish the amtmnt of mi_alignment

or degradation of the optics, if any, in the ATM instrument due to the launch
environment or contamination, hwestigations were initiated to determine the
causes of the failures.

Memorandum, William C. Schneider, NASA Hq, to Associate Administrator for
Manned Space Flight, "Skylab/ATM Calihration Rocket NRL QualificationLaunch,"
9 April 1973.

s Studies were conducted to deternfine the feasibility of conducting a controlled

deorbit of the Orbital Workshop. Three methods were considered: (1) using the

CSM service propulsion system; (2) using the CSM reaction control system; and

(3) implementing an S-II (Saturn V _cond stage) deorbit. The service propul-
sion system deorbit was a._sessed as not feasible; the reaction control system deorblt

was confidered technically feasible but, like the service propulsion system, it had

an inherent program and crew safety risk associated with it. Implementation of

an S-II deorbit would h;we serious time and cost impacts on the program. A

1970 study, which indicated that the probability of damage from the deorbiting

Skylab wits _ small that changes which caused major impact in cost and _hedule

were not worth pursuing, was confirmed.

TWXs, William C, Sehnelder, NASA Hq, to MSFC and JSC, "OWS Dcorblt," 2
March 1973; William C. Schneider to MSFC, JSC, and KSC, "SWS Deorbit," 30
March 1973; letter, Leland F. Belewand R. G. Smith, MSFC, to Director, Skylab
Prngram,"SWS Deorbit," 12 March 1973; memoranda,WiUiamC. Schneider to As-
ttociateAdministratorfor Manned Space Flisht, "SWS and S-II Devrbit," 3 April
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PART III: SKYLAB DEVELOPMENT AND OPERATIONS

1973; Dale D. Myers, NASA Hq, to Administrator, "Deorbit of Skylab Elements," 1973
2 May 1973; Dale D. Myers to Administrator, "Work_hnp Derrbit," 23 June 1973.

April

Reporters and commentators from the United States and several foreign countries 4-5
attended a series of Skylab news briefings at MSFC. MSFC Director Rocco A.

Petrone and MSFC Skylab Program Manager Leland F. Belew gave a general..
presentation on the program. They were followed by a series of presentations by

specialists on the various systems, experiments, and research efforts connected

with the Skylab missions. Tours of the high-fidelity mockup and the neutral buoy-

ancy simulator were included during the two days.

MSFG PAO, Marshall Star, 11 April 1973.

The planning dates of 14 and 15 May 1973 were officially confirmed as the s
launch dates for SL-1 and SL-2, respectively. The launch planning date for

SL-3 continued to be 8 August 1973; for SL--4, 9 November 1973.

TWX, William C. Schneider, NASA Hq, to JSC, MSFC, KSC, and GSFC, "Firm
Launch Dates for SL-1 and SL-2," 5 April 1973.

A miniature, fast, analytical clinical laboratory developed by the Atomic Energy 13

Commission's Oak Ridge National Laboratory for use on manned space stations

was undergoing laboratory tests at JSC. It was expected that the new system
would subsequently be used in clinical situations. The analyzer would provide a

pediatrician with the capability of rapidly completing 12 simultaneous analyses

of an infant through the use. of only a drop of blood compared to as much as

five cc's required by single analyzers. Tests would be performed in the doctor's

office, with the results available within minutes. The same would apply for

geriatric patients, emergency room patients, and accident victims where rapid

multiple diagnoses with minimum blood samples were vital.

JSC News Release 73-37, "Analyzer Has Spinoff Potential/' 13 April 1973.

Loading of the Apollo spacecraft's hypergolic propellants for a scheduled 15 May 1_-19

launch w,_s completed at KSC. The next major milestone in preparing the Saturn

IB/Apnllo for launch would occur 23 April when the kerosene to fuel the Saturn
IB booster's eight engines would be pumped aboard the first stage.

KSC News Release 75-73.

The Skylab 1 spacecraft on its launch vehicle was moved to Launch Complex April16-May 13

39, Pad A, on 16 April. The SL-I space vehicle consisted of two launch vehicle
stages, an instrument unit, and the three major payload modules of the Saturn

Workshop (SWS). The two launch vehicle stages and IU (S-IC, S-II, and

S--IU) were identical to the first and second launch vehicle stages of the Apollo

Saturn V space vehicle. The SL-I payload consisted of the Orbital Workshop
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1973 (a converted S-IVB stage), airlock module/multiple dockin.q adapter, Apollo

Ap,_! telescope mount, payload shroud, nose cone, and experiments.

The S-II stage had been the first to arrive at KSC, on 1 April 1971, and was
placed in storage. The stage underwent modifications for approximately one
year. On 16 July 1972, the S-IC stage had arrived and was erected on Mobile
Launcher 2 on 2 August. The S-II stage w,xs mated to the S-IC stage on 20
September.

Both the ATM and the OWS arrived at KSC on 22 September 1972. The ATM
was moved into the Operations and Checkout Building cleanroom, checked
out, and moved to the Vertical A._semblyBuilding. The OWS was moved to the
Vertical Assembly Building and stacked on 29 September. On 26 October, the
IU stage arrived at KSC; it was mated to the OWS on 1 November. The
AM/MDA arrived at KSC on 6 October and was moved into the Operations
and Checkout Building. Docking tests between the SL-2 CSM and the AM/
MDA were conducted. The AM/MDA was flight-mated to the fixed airlock

shroud (FAS) and docking adapter (DA), and on the following day the AM/
MDA/FAS/DA was mated with the payload shroud. This section of the pay-
load was then moved to the VAB and was mated to the OWS. The ATM was

mated to the DA on 30 January 1973.

System testing began on the payload modules and the launch vehicle stages.
Testing included both intra- and intermoduH/stage testing, including SWS mis-
sion simulation flight readiness test and launch vehicle flight readine_ test. The
nose cone was installed on 8 April, and SL-1 transfer to Pad A was completed
on 16 April.

High winds delayed the connection of environmental control system air and pre-
vented internal access to the spacecraft until late on 17 April.

Skylab 1 countdown demonstration test started at T minus 123 hours at 7:00
p.m. EDT, 26 April. Final stowage of the ATM cameras and film in the MDA
stowage locker and flight closeout of the MDA was completed on 27 April.
Final closeout of the AM/MDA was completed on 1 May, and the EVA hatch
was secured for flight.

Launch countdown began at 2:00 a.m. EDT, 9 May. A small amount of rain
fell into the ATM area during a thunderstorm that day, but affected areas were
temporarily covered. High winds prevented further weatherproofing of the pay-
load shroud nose cap until 10 May. The Mobile Launcher 2 lightning mast
was struckby lightning at 12:57 p.m. EDT on 9 May. Lightning retest opera-
tions on the launch vehicle and spacecraft were successfully completed. No
anomalies attributed to the lightning were noted.

KSO, "Skylab 1 Post.Launch Report," 8 June 1973, pp. 7-1, 7-2.
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PART HI" SKYLAB DEVELOPMENT AND OPERATIONS

NASA Hq issued a policy instruction on accountability for experiment materials 1973
returned from the Skylab missions. The purposes of the instruction were to en- April
sure the integrity of the experimental data in the returned material and to pre-
vent loss, theft, or unauthorized use or disposition of such material. 17

Skylab Program Directive No. 61, "Skylab Policy on Aecemntability for Experimert

": Materiel Returned from the Skylab M.L-sions," 17 April 1973.

The final NASA top management review and approval of the launch and ntis- 17-2o
sion readinesswas completed in a flight readiness review at KSC. Items covered
in the review ranged from modules and launch vehicles readinessto missions and
operations support. Following the review, NASA Skylab Program Director Wil-
liam C. Schneider said, "We still have a few things to be closed out, b,at we
have assured ourselves that the systems are all working with one or two minor
open items and we're still ready to go for a 14 May launch of Skylab 1 and a
15 May launch of Skylab 2."

Transcript.

KSC and MSFC were directed by NASA Hq to implement a reduction in force la
of contractor personnel immediately following the launches of SL-1 and SL--2,

but to maintain a sufficient complement for a backup !aunch capability through
30 September 1973.

TWX, William C. Schneider, NASA Hq, to KSC, MSFC, and JSC, "Post SL-I/2
Launch Manpower Planning," 18 April 1973.

Since the adjustment of the Skylab launch dates, KSC updated rescue response _s
times. The new SL-R rescue response times are shown in the following table:

Days to SL-R Ready for
Days from SL Launch

Mission Launched

8L--2 SL--3 SL.-4

0 48½ 48½ 48½
7 41 41 41

14 36½ 35 36
21 31½ 31½ 31_
28 25 27 26
35 _ 21 19_
42 _ 16½ 15
49 _ 15_ 15

56 x4 12½ OttG ..,,
Letter, R. C, Hock, KSC, to Dist., "Skyhtb Rescue," 25 April 1973. O_ '_)OS I_oJ_'-
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Three astronauts examine
I

equipment storage in the \ k%
spacious interior of Sky....
lab's multiple docking "_" _'_ "
adapter during accep-
tance checkout of the

flight article at the Mar-
tin Marietta facility in
Denver. Left to right are
William B. Lenoir, Paul

J. Weitz, and Jack R.
Lousma. The dockhag
adapter served as a major
experimea,.t control center
and the docking port for
Skylab.--Martin Marietta
photo.

1973 Individual and group behavioral evaluations, which were discontinued following
the 14-day flight of Gemini VII, were being reinstituted for the Skylab flightsMay
because of the longer duration of the SL-2, 3, and 4 missions. Information oh-

1 tained from these evaluations would provide additional data useful in future
diversified crew selection and expe,,ted performance in future long-duration

flights.

Letter, Dale D. Myers, NASA Hq, to Christopher C. Kraft, Jr., MSG, "Behavioral
Evaluationof SkylabCrews,"1 May 1973.

3 Three types of private conversations were authorized for Skylab minions by the

NASA Administrator: private phone calls from astronauts to their families once

a week, conversations required by extreme operational emergency, and routine

medical conve=ations. In the cases of operational emergency and medical con-
vermtions, bulletins would be issued to the news media. Bulletins or public an-
nouncements of crew member conversations with their families would not be made.

Memorandum, James C. Fletcher, NASA Hq, to the Associate Administrator for
Manned Space Flight and the Assistant Administrator for Public Affairs, "Private
Communications for Skylab," 3 May 1973; NASA News Release 73-110, "Fletcher
Statement on SkylabPrivateCommunicatiom,"1 June 1973.

t A fund of unsolicited cash contributions, which started in 1959 and contained

$5548, would be used to defray the cost of equipment for student scientific experi.

ments on Skylab, NASA was authorized by the Space Act of 1958 to accept

unrestricted gifts.

NASA Hq News Release 73-98, "NASA Gift Fund Used for Skylab StudentExperl-
ments Program,"14 May 1973.
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A double exposure of the Skylab 1 and Skylab 2 space vehicles, actually 2.4 km apart
on their launch pads. The unmanned Skylab I, at the right, was launched 14
May 1973 on the last Saturn V to be flown. Skylab 2, with the smaller Saturn
IB perched on the "barstoor' support tower, lofted astronauts to rendezvous with
Skylab I on 25 May 1973.

Lightning struck the Skylab 1 launch umbilical tower near swing arm eight at 1973
1:00 p.m. Lightning retest phms were satisfactorily completed on the AM,

MDA, and ATM. No significant anomalies due to the lightning static were M,y
revealed. 9

"$kylab Engineering Weekly Status Report," 9 May 1973.

Skylab 1, the unmanned Orbital Workshop (OWS) was launched from KSC 14

Launch Complex 39A at 1:30 p.m. EDT. (See item for 16 April-13 May for
countdown detail.)

An unexpected telemetry indication of meteoroid shield deployment and solar
array wing 2 beam fairing separation was received 1 minute and 3 seconds after

liftoff. However, all other systems of the OWS appeared normal, and the OWS

was inserted into a near-circular Earth orbit of approximately 435 km altitude.

The payload shroud was jettisoned, and the ATM with its mlar array was de-

ployed as planned during the first orbit. Deployment of the Work_op _lar
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1973 array and the meteoroid shield was not succ_ful. Evaluation of the available

data indicated that the follow'ng sequence of events and failures occurred:
Malt

Time from Li[toff Event
(hr:min:sec)

0:01:92.9 Meteoroid shield tension strap 2 sepa-
rated.

0:01:03 Meteoroid shield tension strap 1 and 3

separated.

0:01 : 03 Solar array system wing 2 beam fairing

separated.

0:01 : 30 Meteoroid shield temperatures wer.t
off-scale.

0:01:30 Partial deployment of meteoroid shield
was indicated.

0:10:00 Thermal measurements on wing 2 solar

array panels ranged from 345 K

(161°F) to 389 K (240°F), rather

than the expected temperature of

about 300 K (80°F). Wing 1 tem-

peratures remained normal.

0: 55 : 55.9 Wing 1 beam fairing separated.

Solar array wing 1 was released, but there were indications that the wing had

not fully deployed. Wing 2 was inoperative or had encountered structural failure.
Temperature excursions in the OWS showed that tile meteoroid shield was not

affecting the temperatures as intended. The remainder of the planned Workshop

system activation and deployment functions occurred as scheduled with trans-
fer of attitude control from the instrument unit to the OWS approximately 4_,_
hours after liftoff.

The OWS was maneuvered into a solar inertial attitude, with the plane of the

solar arrays normal to the Sun for maximum electric power generation. The

OWS area temperature then rose above operating limits. The Workshop was

subsequently pitched up toward t,,e Sun at 13 hours into the flight to reduce

the solar incidence angle on the OWS area. This attitude further reduced the

power generation capability which had already been severely limited by the

loss of the Workshop solar array wing 2 and the failure of wing I to deploy. A
continuing adjustment of attitude was necessary to keep the power and tem-

perature within acceptable limits. Constraints to maintain adequate heat in

other critical areas of the Workshop and to optimize the operation of the attitude

control system in an off-nominal mode added further complications. This

delicate balance continued for approximately 10 days.

The electrical power availahle from the ATM mlar array was further reduced

by the requirement to cycle certain power regulator modules on and off to pre-
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vent the overheating caused by unplanned vehicle attitudes. Although con- 1973

siderably below the total design capability of approximately 8500 watts, the May
power was sufficient for the critical loads. Many components and systems were

turned of[ or were cycled a.s required to remain within the power generation
capability.

The high internal temperatures that were reached in the Workshop could have

caused outgassing of some materials which would have been hazardous to the

crew. Therefore, before crew arrival, the habitation area was depressurized and

repressurized four times with nitrogen to purge tlae outgassing products. The
final repressurization was with the proper oxygen/nitrogen mixture for the crew.

Maneuvering into and out of the various thermal control attitudes and main-

taining attitude hold and control during several docking attempts cau_d a much

larger use of the Workshop thruster propellant than predicted. Sufficient pro- I

pellant remained, however, for the three manned missions, i

JSC_ Skylab Mission Report First Visit, JSC-08414, August 1973, pp. 2 and 4; JSC,
"Skylab ProgramOfficeWeeklyActivityReport," 18 May 1973.

A Skylab 1 Board of Investigation was established to investigate the anomalies aa

that occurred during the launch and Earth orbit of SL-1. Bruce T. Lundin
(Lewis Research Center) was named chairman of the Board.

Letter, James (3. Fletcher, NASA Hq, to Bruce T. Lundin, "Skylab 1 Investigation
Board/' 22 May 1973; me:norandum,JamesC. Fletcher t,, AssociateAdministratorfor
Manned Space Flight, "Investigation of Skylab 1 Anomalies," 22 May 1973; NASA
Notice 1154,"Skylah l InvestigationBoard," 22 May 1973.

NASA Administrator James C. Fletcher briefed members of the Senate on the 23

anomalies that occurred during liftof[ and orbit of Skylab 1. Fletcher sum-
marized as follows:

I. We encountered unexpected problems with the micrometeroid shield and the
workshop solar arrays.

2. These problems led to overheating and reduced power.

3. We believe we can control the heating by one of several fixes executed by the
crew of Skylab 2.

4. We will try to improve the power situation, but even if we can't, there is
enough for nearly normal execution of the 28- and 56.day missions.

They are going to look at the condition of the solar panels. They are not going to
spend too much time on that because we have enough power. If it Io'_kslike an
easy thing to do, if one of the panels, m'hich i.smissing here, is partially deployed
and is hung up on something and all it needs is a little tug, we will put a loop of
twine around the end of it, play it out so that _e are well away from the panel
in case it starts to deploy, and give a little tug on the twine. I¢ it deploys, fine; but
il it does not, we will go on without it.
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1973 But we are not going to spend too much time on that fix. There ave too many uncer-

tainties and we do not really need the power.
Malt

5. We will be unable to carry out some 3 out of the planned 87 experiments.

This is normal t'or ahnost any test of this complexity. Usually we aren't able to

complete the large number of experiments that are planned. In this particular
case we estimate that three of them will net be able to be carried ont. Those are

primarily the ones that would have come out of the airlock. If there is a sunshade

over the : Mock you can't do very ninny experiments hom it.

The remaining experiments, in our judgment, fully warrant going ahead with the

repair activity and then execating as much of the fully planned program as

possible.

6. There will be no relaxation of safety considerations in the conduct of the

replanned Skylab missions.

7. We have established a Skylab 1 investigation board whose findings will be

reported to the comminee as soon as available.

In clcsing, let us say that the crew, the Skylab team, and NASA management are

cautiously confident--some more than o'hers, but all arc optimistic--that the

Skylab 2 mission will be a historic one and that it will permit us to meet ahnost

all of the major objectives of the Skylab program.

U.S. Congress, Senate, Committee on Aeronautical and Space Sciences, Skylab: Hear-

ing on Status o/Skylab Mission, 93d Cong., 1st sess., 23 /_ , 1973, pp. 4-17.

23-24 A design certification review was held for the revised Skylab 2 mission. The

review board determined that a "Skylab parasol," with a strengthened ultra-

violet resistant material, deployed through the scientific airlock would be the

prime method for the deployment of a thermal shield on the Orbit,'d Workshop.

A "twin pole" thermal shield and a standup extravehicular thermal sail would
be flown as backup methods. Following final a._sessment of mission readiness

with favorable recommendations, a certification of flight worthiness for the new
hardware was executed.

Letters, William C. Schneider, NASA Hq, to SLI and -2 Flight Readiness Review

Board, "Cmlfirmation of Flight Readiness for SL-2 Launch," 31 May 1973; William

(3. Schneider to Dist., "Skylab Design Certification Review of New or Changed

Equipment and Procedures for Revised SLq/SL-2 Mission," I1 June 1973.

2s At 9:00 a.m. EDT, Skylab 2 lifted off frmu Pad B, Launch Complex 39 at

KSC. The vehicle was manned by ,astronauts Charles "Pete" Conrad, Jr., Joseph

P. Kerwin, and Patti J. Weitz.

Skylab 2, consisting of a modified Apollo CSM payhmd and a Saturn IB latmch
vehicle, was inserted into Eartfi orbit approxintately 10 minutes after liftoff. The

orbit achieved was 357 by 156 km and, during a six-hour period following

insertion, four maneuvet.'s placed the CSM into a 42_ by 4i5 km orb!t for
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The wounded Skylab Orbital Workshop was photographed by the Skylab 2 crew dur-
ing a flyaround before docking with the Orbital Workshop on 25 May 1973. The
micrometeoroid shield is missing; the solar array wings are missing or undeployed.

rendezvous "vith the Orbital Workshop. Normal rendezvous sequencing led to 1973

stationkeeping during the fifth rew4ution followed by a flyaround inspection M,y
of the damage to the OWS.

The crew provided a verbal description of the damage in conjunction with 15

minutes of television coverage. The solar array system wing (beam) 2 was

completely missing. The solar array system wing (beam) 1 w,'ts slightly deployed

and was restrained by a fragment of the meteoroid shield. Large sections of

the meteoroid shield were missing. Following the flyaround inspection, the
CSM soft-docked with the OWS at 5:56 p.m. EDT to plan the next activities.

At 6:45 p,m. EDT the CSM undocked and extravehicular activity was initiated O_]G]lq/kl a^f_AT.I_/IP/KG__t

to deploy the beana 1 ,solar array. The attempt failed. Frustration of the crew f_, pOOR _tJJna.,----
was compounded when eight attempts were required to achieve hard docking
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1973 with the OWS. Tilt hard dock was made at Ii :50 p.m. El)T, tc_rminating a
Skylab ? fizxt-dav crew work |x_riod of 22 hours.May

JSC, "Sk)'lab Mission Report First Visit," JSC-08414, August 197";, p. 2-1; R. V.

Gordon, JS(: Skylab News Center, "Skylab I/2 Quick Look Reference," 2 July 1979,
p. 3.

26 The _cond manned day of the Skvlab mix'_ion was focu_d on entry into the

OWS mid deployment of the Skvl.'d_ para._ol. The crew removed and inspected
the docking probe and drogue. The.v then entered the MDA to activate the

airlock module and MDA system_. The crew entered the OWS at 3:30 p.m.
EDT. The atmosphere, although hot, w,x_ habitable, and the crew was able

to work in the environment for 10- to 15-minute intervals. At 5:00 p.m. the

crew began deployment of the par,x_ol; the task w._s completed at 7:30 p.m.

The parasol provided thernml shielding for the area of the Workshop exposed

to the Sun becau_ of the mi,_ing meteoroid shield. The parasol concept,

design, development, construction, and delivery to KSC was completed in seven

days by JSC. Two other thermal protection devices were aim devi_d ,and de-
livered during this same time Ix'rio& One was a sail, produced by JSC and

designed to be deployed by an extravehicular crewman standing in the com-

mand module hatch while the spacecraft was being flown in close to the OWS.
The other, called a twin-tmom sunshade mid produced by MSFC, was designed

to be deployed by extravehicular crewmen from the ATM station.

The para._4 provided a thermal protective device which wits simple, mad de-

ployment could Ig accomplished from within the OWS in a shirt-sleeve environ-

ment. Tim system was capable of being jettimned.

The par,x_ol concept made u_ of a spare experiment T027 (ATM contamination
measurement) canister which was designed to interface with the _lar scientific

airhwk. The seal design used in the back l-late of the experinwnt canister was

incorporated into a new back plate required for the paraml. This allowed the

use of dcployn;cnt rods which wcrc of thc same tyl)c used for experiment de-

ployment, and also allowed use of the experiment "£027 photometer ejection

rod, if jettisoning became neces,_ary.

Major components of the parasol, other than the modified canister, were a 6.7-

bx 7.3-m aluminized M.vl:tr/n.vhm laminate canop.v that was partially opaque

to mlar therm;d energy, a canopy mast, a mast hub with deplo.wuent sprin,_, four

telescoping deployment taxis, seven extension rods, and the experiment T027

canister support tripod,

Deployment was accomplished through the _4ar scientific airlock by attaching
the extension rods to th," mast and pushin_ the rod assembly outward. As the
m_tst hub w;_ ?xtendetl to .1.9 m above the opening of the airlock, the tele-

_oping del)h_ymem Ix_dsbcc;mle fully cxtt'ndcd and hwl.:etl and the tip retainers
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The photo above shows a simulation in

which the modified photometer

experiment canister containing the

paraml sun shade is inserted in

the scientific airlock so that the parasol can be deployed over the crippled Skylab

space station.--Martin Marietta photo. At right, Dolores Zeroles, foreground,

and Ceal Webb of International Latex Corporation sew a solar shield from a

nylon-base material to be used on the twin-pole shade designed at MSFC.

for the telescoping rods were released. The mast hub was then extended to 19_'3

6.4 m above the outer surface of the OWS, allowing the rod dps to swing free May

of the solar scientific airlock opening and deploy the canopy. The parasol was

then retracted to its final posidon a few centimeters above the OWS outer

surface. During the retraction process, the long extension rods were removed,

and the short extension rod was left in place.

OWS temperatures started dropping immediately upon parasol deployment. The

initial temperature drop for the outer wall exceeded 36 K (65°F) per hour.

Temperature._ within the OWS, though dropping at a much slower rate, were

below 31i K (100°F) within a day of deployment. The inside temperature

continued a steady decline until stabilization was reached somewhat below 297 K

(75°F). At the end of the first visit, the temperatures increased because of the

increase of daytime exposure for the orbital plane at that time of the year.

R. V. Gordon, JSC Skylab News Center, "Skylab 1/2 Quick Look Reference," 2 July

1973, p. 3; JSC, "Skylab Mission Report First Visit," J5C-O8414, August 1973, pp.

2-2, 3-1, and 3-6; abstract, J. A. Kinzler, J$C, "The Skylab Parmol," ca. January
1974.

A Skylab Program Director's meeting was held to identify further actions re- tv

quired for the SL-2 minion and actions required for the SL-3 mission. The

following agreements were -eached:

• The parasol installed on the OWS would not be jettisoned until a re-

placement thermal shield was on board, if a twin-boom thermal shield had not

been deployed during the SL-2 mission.

• The twin-boom sunshade and the JSC sail would be retained in the OWS
at the end of the SL-2 mission.

"Minute8 of Skylab Program Director's Meeting," 27 May 1973.

OETG_AL PAGE l_
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1973 Following the successful deployment of the parasol, the Skylab-2 crew began
to transfer and store equipment and activate experiments. On 29 May, everythingMay 27-
in the OWS was turned on for the first time. The crew checked out the ER.EP

Jun, 22 and the ATM.

On 7 June astronauts Conrad and Kerwin performed an EVA to free the

undeployed OWS solar array. EVA began at 11:15 a.m. EDT. At 2:01 p.m.,

the strap restraining the solar wing was severed, the beam was fully deployed,

and the three panels had begun to deploy. The 3-hour 25-minute EVA was

completed at 2:40 p.m. By 8:55 p.m., all the solar array system solar power

sections were deployed, and the OWS power crisis had abated.

At 3:22 a.m. EDT, 18 June, the crew of SL-2 broke the space flight record

of 570 hours 23 minutes set by the Soviet Soyuz 11 flight in June 1971.

During the SL-I/SL-2 mission, the following experiments were conducted:

• Medical--all medical experiments were successfully conducted with a

completion range of 80 to 100 percent.
• Apollo telescope mount--82 hours of manned viewing time and 154

hours of ground commanded data gathering were accomplished.

• EI_.EP_I 1 passes with a full range of instrument operation and task site

assignments were completed. (Prelaunch planning called for 14 passes.)

• Corollary--56 hours of crew rime were devoted to these experiments.

(Prelaunch planning called for 64 hours.)

A breakdown of the actuM crew time allocation for experiments as opposed to

the f_reflight plan is shown in the following chart.

Manhours Utilization,
hr:min

(percent of total)

Preflight
Category Actual Allocation

Medical experiments 145:13 157:51
(7.4) (8.0)

Apollo telescope mount 117:09 152:51
experiments.. (6.0) (7.7)

Earth resourcesexperi- 71:24 85:55
ment package (3.6) (4.$)

Corollary experiment, 54:24 62:20
(2.8) ($.2)

Subsystemdetailed test 7:05 7:07
objective (0.4) (0.4)

Student experiments 3:41 4:41
(0.2) (0.2)

Operational• 1562:07 1509:$9
(79.6) (76.2)

• Includessleeping, eating, housekeeping,etc.
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PART IIl: SKYLAB DEVELOPS, lENT AND OPERATIONS

TWX, G. S. Lunncy, JSC, to American Embassy Science Attache, Moscow,U.S.S.R., 1973
: 22 June 1973; R. V. Gordon, JSC SkylabNews Center, "Skylab 1/2 Quick Look

Reference," 2 July 1973; NASA Hq Post Launch MissionOperations Report No. May
M-960--SL-I/SL-2, 1.t July 1973.

L

_.. !. The following editorials were typicat of those e ,oked bv the launch of Skylab l ao

with its attendant anomalie,_. The first editorial quoted is from the Los Angeles
Times.

The men of NASA at Cape Kennedy and Houston were getting ready to pass an-
other miracle, b'_:tthere had been so many--the first men on the moon followed
by a s_tccessionon moon landings_that the success of the latest adventure in space
was taken for granted. Even the crowd of spectators on the cape was less than a
quarter of the million persons _,'o watched the last of the Apollo moon missions

i: Dec. 7.
t,

The launch went smoothly, as Skylab, an 85-ton vehicle perched atop a Saturn 5
r rocket, ascended majestically May 14 from a roaring flame and disappeared into

the heavens on its journey into orbit 270 m;.lesabove the earth. "Everything looks
super-good so far," Mission C.ontr_,lin Houston reported, and Skylab, the largest
weight ever thrust into space, began to respond to radio signals.

i Minutes later, the $2.6 billion project was in trouble. Two solar panels failed to
- deploy. The launching of three astronauts, scheduled to dock in space with Sky-
! lab the next day, had to be postponed. Skylab 2 was recycled for five days until

May 20 and again for May 25, last Friday. What was needed was a simple little
plan to shield the space laboratory fro,u the sun--something like an umbrella.

An umbrella. Why, of course, Jack Kinzler, a NASA technician with a reputa-
tion as a fix-it man, started thumbing through the Yellow Pages. He found what
he was looking for--fishing poles that would telescope down to 18 inches. Using
the poles as ribs, he and other techniciansconstructed an umbrella with a 24-by-28
foot expanse of coated nylon, designed so that the collapsed umbrella could be
projected through an 8-by-8 inch airlock pa_age and deployed over the
laboratory.

It was packed, handy-like, in a small metal box and placed in Skylab 2 when the
three astronautswere launched into space for their delayed rendezvouswith Skylab
1. The astronauts poked the umbrella through the airlock in careful stages. The
gadget worked. [A more sophisticated version of Kinzler's idea was produced and
flown.]

It wasn't much, really. Just a few fishing poles and a spread of nylon. In all, a
modest little miracle, but enough. Enough to save Skylab and enough to give a lift
to the spirit of all who followed the latest human drama enacted in space.

i;

: The following editorial is taken from Test magazine.
!

_: IN OUR PRESENT pre-occupation with consumer productsand problems, it is

i easy to forget the miraclesof our greatspace projects.Skylab's failurestend to bring
space and space testing back into focus.

i It is possible to speculate, as some authoritiesare doing already, that the damage
:; done to Skylab on its way into orbit was due either to (a) the unanticipated
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|973 effects of vibration in the Saturn rocket or (b) the under-design of the failed

Skylab components or (c) a combination of both.
May

In any event, it would seem likely that insufficient testing was done in the effort
to live within what is generally considered to be a too-tight budget. After the vast

achievements of Project Apollo, one would think that the accmnulated knowledge

of NASA as to how to achieve the essential near 100% reliabifity in a space flight

would have caused NASA managers to throw out enough stern warnings to

Congress and to the public about underfinancing and possible failures. In a

project running to two and one-half billion dollars, perhaps another $250 million

(I0%), for example, for more testing and redesign might have made the difference.

At this writing, three highly intelligent, highly trained, highly motivated men are

out there trying with all their ingenuity and that of NASA to salvage some part

of this all-important basic Skylab mission. Of course, their success in this attempt

• is fervently prayed for by everyone.

"A Modest Little Miracle," Los Angeles Times, 30 May 1973; R. H. Mattingley,

Editor's Page, Test Magazine, June 1973.

31 During a Manned Space Flight Management Council telecon, four agenda
items were discussed: an early launch date for SL-3; plans for an EVA solar
array system repair; deorbiting of the Skylab cluster; and lengthening the SL--2
mission.

The Council decided to go for a 27 July launch date, with the possibility of a
further acceleration on a crash effort basis to 22 July if possible degradation of
hardware because of unexpected thermal stresses required an earlier launch.
Decisions on the other three agenda items were deferred pending further study.

"Minutes of Management Council Telecon," 31 May 1973; memorandum, Dale D.
Myers, NASA Hq, to Associate Adnfinistrator through Deputy Administrator, "Launch
Date for SL--3," 8 June 1973.

Jun, William C. Schneider, NASA Hq, expressed re-et that certain experiments
would be deleted from the Skylab Program because of loss of the micrometeoroid1

,hermal control shield and the subsequent deployment of the parasol. Schneider
also requested that Principal Investigators wishing to make changes in their

experiments' protocol submit proposed changes by 5 June 1973, in order that
the changes might be reviewed by the Skylab advisory group for experiments.

TWX, William C. Schneider to JSC, MSFC, Dudley Observatory, Naval Research

Laboratm% Martin Marietta Corporation, Denver Div., and Westinghouse Electric
Corporation, Pittsburgh, "Deletion of Change in Protocol for Certain Experiments on

Skylab Missions," 1 June 1973; memorandum, William C. Schneider to Associate
Administrator for Manned Space Flight, "Experiments Deleted from Skylab SL-I/

: SL-2 Mission_Costs, and Alternate Approaches for Operation on gL-3/SL--4 Mis-
sions," 22 June 1973.

4 Testing began on 1200 OWS flight food samples and 5 cu m of ground test
analytical food samples. They would be cxpo_d to a thermal profile simulating
that on the OWS, to verify that the food safety and quality had not been com. _:
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_ promised by the 17 days of high temperature to which the OW_ had been 1973

, subjected. Juno

JSC, "$kylab Program Office Weekly Activity Repolt," 15 June 1973.

_. ,_ The Skylab 3 space vehicle was moved to KSC Launch Complex 39, Pad B, on June11-

11 June in preparation for launch. The space vehicle consisted of a Saturn IB Juryae
i !:: launch vehicle--S-IB-207 first stage, S-IVB-207 second stage, and a S-IU-208

: instrument unit; a CSM; and a spacecraft lunar module adapter. The SL-3

_i_i crew consisted of commander Alan L. Bean, science pilot Owen K. Garriott, and
pilot Jack R. Lousma.

!

!! On 6 June, the SL-3 launch date had been changed from 8 August to 27 July;
: the launch date was subsequently changed to 28 July to optimize the rendezvous
i conditions. The prelaunch checkout was accelerated accordingly.

The S-IVB stage had arrived at KSC on 26 August 1971 and was placed in
storage until 28 November 1972. The CSM arrived on 1 December 1972 and :_
was moved into the Operations and Checkout Building for systems testing. The
S-IB stage arrived 20 March 1973 and was erected on Mobile Launcher 1
on 28 May. The IU arrived at KSC 9 May.

The S-IVB and IU were mated to the S-IB 29 May. On 7 June the CSM/

spacecraft lunar module adapter was moved to the Vehicle Assembly Building
and mated to the launch vehicle the following day. SL-3 transfer to LC-39B was .:

, completed on 11 June.

On 17 June, the mobile launcher and mobile service structure sustained several
lightning strikes. The damaged parts for the CSM, mostly instrumentation,
were replaced and retested or waived. The damaged ground support equipment
parts were replaced and retested. The launch vehicle lightning retest revealed
no related failures or effects on the launch vehicle or ground support equipment.

The flight readiness test was completed on 29 June. The final countdown be-

Ran at 7:00 a.m. EDT 25 July in preparation for a 28 July launch (see 28 :_
July entry).

K$C, "$kylab 3 Post-Launch Report," 20 August 1973, pp. 7-1, 7-2.

A review was conducted at NASA Hq to determine whether the astronaut ts _
* maneuvering unit and foot controller maneuvering unit could be sMely used :i

within the confines of the OWS. It was concluded that the units could be safe,l? _
operated, and approval was given for scheduling their use, Previously, a de- _i!

cision to operate the units had been deferred until a more thorough briefing
could be provided. Concern over their use had been based on the Aerospace i_

Safety Advisory Panel Report on Skylab. _'_
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Astronauts Edward G. Gibson and
Russell L. Schweickart are
shown in the MSFC Neutral

Buoyancy Tank, above, tim- _-_-
ulating use of various cutting
tools to be used by the Skylab
2 crew in an effort to free

the Workshop's solar wing. At right, the Saturn IB launch vehicle to be used
for the Skylab 3 mission is shown as it was rolled out to Launch Complex 39--B
on I1 June 1973.

1973 Memorandumfor record, R. A. Aller, NASA Hq, "Deputy AdministratorBriefingon
SkylabExperimentsM509/T020," 21 June 1973.

June

=o A recommendation to jettison the docking ring and probe assembly on SL-2

while the crew was unsuited was reaffirmed. Major considerations in arriving
at the recommendations were that a suited landing was unacceptable, the addi-

tional risk of performing the operation unsuited was extremely low, and the

crew had trained premission and in flight using the proposed timeline for an

unsuited jettison of the docking ring and probe assembly.

Memorandum, Dale D. Myers, NASA Hq, to the Deputy Administrator, "Separation
of Docking Ring and Probe Assembly," 20 June 1973.

2_ At 9:49 a.m. EDT, Skylab 2 splashed down in the Pacific Ocean 9.6 km from
the recovery ship, U.S.S. Ticonderoga, and 1320 km southwest of San Diego. At

10:28 a.m., the crew and spacecraft were aboard the Ticonderoga.

The objectives of the SL-1/SI_-2 mission were to establish the Orbital Workshop

in Earth orbit, obtain medical data on the crew for use in extending the dura-

tion of manned space flight, and perform inflight experiments. A summary
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When Skylab "2rendezvoused with the crippled Orbital Workshop, a pressing assign-
ment was to draw in close and assess the damage. This closeup photograph

(above) shows the underside of the partially deployed solar array wing. The
dangling aluminum strap, debris from the destroyed meteoroid shield, was jam-
ming the deployment mechanism. On 7 June, astronauts Charles Conrad, Jr.
(top, in background), and Joseph P. Kerwin clambered out in their space suits to
try to cut away the strap and free the wing. Conrad holds the cable cutter while
Kerwin holds him. After some struggle Conrad was successful; the wing fully

deployed and the Workshop was operational.
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The photograph above, left, shows central Florida and was taken from an altitude of 432 km hy the

Skylab 2 crew on 13 June 1973. The outlines of the Green Swamp area are (1) Zenith Acrcs: (2)
Groveland Ranch Estates; and (3) Groveland gaach Acres. The city of Orlando is at center right.

Above right is an overhead view of the Skylab space station as photographed from the Skylab 2 CSM
during its final flyaround inspection.

Above is a photo of a significant solar flare reproduced from a
frame of flight film recovered from the Hydrogen Alpha

telescope No. 1 and returned on Skylab 2. The solar flare
occurred on 15 June 1973.
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The Skylab 2 mission was completed when the spacecraft was hoisted aboard the
U.S.S. Ticonderoga 1320 km southwest of San Diego, 22 June 1973, at the con-
clusion of its 28-day stay in space.

assessment of the minion objectives indicated a very high degree of completion, 1973

particularly when the reduction in experiment time due to parasol deployment, Ju_
solar array wing deployment, and OWS system anomalies were considered.

Primary mission objectives were accomplished, a_d a majority of the assigned

experiment-detailed objectives were completed.

The following conclusions were drawn from the SL-1/SL-2 mission:

* Resolution of the seemingly insurmountable system difficulties that oc-

curred on the flight demonstrated the advantage of having man on board space
vehicles.

* The flight demonstrated that for long-term manned and unmanned

space flight, provisions needed to be made for unforeseen inflight repair and
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1973 maintenance in the form of accessibility, handholds, tools, facilities, materials,

and hardware appropriate for interior and exterior operation.June

• There were no operationally significant physical or psychological health

problems associated with the space vehicle environment for the 28-day visit.

There were no findings that would preclude longer duration visits.

• The habitability provisions were satisfactory and contributed to the ability
of the crew to work effectively for a visit of this duration. No factors were

identified to preclude longer duration visits.

• Operation of the command and service module systems in a semi-

quiescent state was demonstrated for the 28-day period. No factors were identified

which precluded operation for longer periods.

• Extensive scientific data were returned in all planned experiment dis-
ciplines.

° The methods and techniques employed in the daily flight planning pro-
vided the flexibility to react to major departures from preflight plato and con-

straints. This ability was an impoitant factor in optimizing the scientific return.

• The various experiment groups were organized effectively within each

discipline and functioned well as a unit. In addition, with the excellent coopera-

tion between the various experiment groups, flight planning techniques were

effective in resolving interdisciplinary conflicts and integrating the diverse ex-
periments program.

° Long-duration flight with sophisticated multidiscipline experiments gen-
erated large amounts of data requiring ground data handling and p_g

capabiliti_.

° Overall objectives of the visit were accomplished.

Memorandum, Dale D. Myers, NASA Hq, to Administrator, "Skylab Miuion SL--1/

SL--2," 10 July 1973; Post.Launch SL-I/SL--2 Mission Operation Report No.

M-960-73-01102, 14 July 1973; TWX, G. S. Lunney, JSC, to Science Attache,

American Embauy, Mmcow, 22 June 1973; JSC, Skylab Mission R#port First Visit,

JSC-08414, August 1973a pp. 14-7 and 18-1.

Ju,v NASA Hq issued guidelines for the preparation of a Skylab mission evaluation

2 report that would consist of a unified set of individual reports or sectiom. The
report, which would be prepared by NASA Hq and the three manned space-
craft Centers, would cover such areas as summary and objective _ent,

8kylab vehicle description, Orbital Workshop, command and service modulo,
crew equipment and activities, experiments, pilots' report, and operations.

Letter, William C. Schneider, NASA Hq, to Dist., "Guidelines for Preparation of

Unified Skylab Miuion Evaluation Report," 2 July 1973; JSC, "Skylab Progrtun Office

Weckl7 Activity Report," 13 July 1973; Skylab Progr, a Directive No. 35, "Skylab
Miuion Evaluation Requirements," 22 April 1971.

i
' _ The launch date for Skylab 3 was officially established as 28 July 1973. The

: launch window would open at 7:08 a.m. EDT for I0 minutes and would pro-

vide for a rendezvous in five revolutions. Recovery of SL-3 was planned fox

22 September 1973.
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Two members of the Skylab 3 'I

crew, Jack R. Lousma, left, ii
and Owen K. Garriott, cen-
ter, inspect a part of the
twin-pole solar sail at MSFC
(above). At right, Lousma
practice_erecting the solar sail over a portion of the Orbital Workshop rnockup
in the MSFC Neutral Buoyancy Tank. Nylon netting was used for this und_r-
water training instead of the alumin!zed fabric the actual sail was made of.

TWX, William C. Schneider, I_*ASAHq, to JSC, KSC, and MSFC, "SL-3 Latmch ] 973
Date," 3 July 1973; memorandum, Dale D. Myer_ NASA Hq, to the Administrator,
"SL-3 Launch Date," 5 July 1973. July

William H. Rock wax appointed Acting Manager of the Apollo-Skylab Programs s
at KSC. He succeeded Robert C. Hock, who was named Acting Director of

Executive Staff. Rock would also continue to serve in his prev':otls position as
Manager, Science and Applications Project Ot_ce.

KSC Announcement, "Mr. William H. Rock Named Acting Manager, Apollo-Skylab
ProgramJ," 5 July 1973.

Joint Skylab 3 flight readinem reviews and thermal shield design certification 12
reviews were held at KSC. A comprehensive series of center reviews were
completed before, and in preparation for, the flight readiness reviews.

"Minutes of the Skylab SL-3 Flight ReadineM Review and the Thermal Shields Deltt
DGR," 12 July 1973.

Premature deployment of the meteoroid shield during the Skylab I launch in- Is
terjected additional factors in the consideration of the OWS deorbit. (Reference
entry of 3 April 1973.) Because of the additional uncertainties and complicatiom
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Skylab 3 crewmen (left to right) Alan L. Bean, Owen K. Garriott, and Jack R.
Lousma during egress training at MSFC before their liftoff. This operation was
an alternate recovery plan in case of rough seas and the command module's float-
ing in the upside-down position.

1973 deriving from these factors and the inherent crew and m_ssion risks involved in

the OWS deorbit even under expected conditions, the decision was taken toJuly
terminate all OWS deorbit efforts.

Letter, William C. Schneider, NASA Hq, to JSC and MSFC, "SWS Deorbit," 13 July
1973.

17 Testifying before a joint Congressional Committee hearing, astronaut Charles

"Pete" Conrad, Jr., stated:

... I like to think of it as the Pete Conrad private citizen approach--as an overall
systems design, tie all of these things we talk about with different satellites into
a big picture.

Through something like the shuttle vehicle you maintain a space orientation that
allows you to do communications, weather, Earth resources. And there are many
other things I can conjecture about such as typing computers and telemetry from
airplanes for air traffic control. There are all kinds of things you can get into. But
I feel that these little niches we are making with the data we brought back from
the Moon gave us a system that allowed us to, in a relatively inexpensive manner,
fly a space station for the flight that we flew. And it will qy several more flights.
And the future says that we have a tremendous capability to help mankind, if it
is developed. And I feel it has to be developed in a profitable nature. And that is
something this country can do under the free enterprise system. It is the payloads
of the future and how they are inte_'ated into the system that will give us all
of these benefits, Earth resources, solar technology and many of the other things
that are being done by the unmanned satellites. I think man is a necessary link in i
this system because he has to repair it, maintain it and operate it. That means not
only on the ground but also in the air. I could go on forever with what I think
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Alan L. Bean looks over the data acquisition camera mounted on the water tank in

the upper level of the Orbital Workshop one-g trainer at JSC, while preparing

for the Skylab 3 mission.

some of the systems could be. But I think we are g:,ving enough data to the 1973
citizens of this country that they should appreciate that there is a place for using
this system that we have developed that will really bring benefits to many, many July

people ....

U.S. Congr_s, Sehr_te Committee on Aeronautical and Space Sciences and House
Committee on Science and Astronautics, Testimony Skylab Astronauts: ]oint
Hearing, 93d Cong., Ist sess., 17 July 1973, p. 10.

Twice-weeklyexperiment planning meetingswere being instituted for the 59- 2s
day Skylab 3 mission. The purpose of the meetings was to formulate a balanced

set of experim_.nt requirements for each upcoming week based on a consideration

of plans for the remainder of the mission.

Letter, William C. Schneider, NASA Hq, to Principal Investigators, "Second Skylab
Mission," 25 July 1973.
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1973 Skylab 3 lifted off from Pad B, Launch Complex 39, KSC, at 7:10:50.5 a.m.
EDT. The vehicle was manned by astronauts Alan L. Bean, Owen K. Garriott,July
and Jack R. Lousma.

28

The space vehicle, consisting of a modified Apollo command and service module
payload on a Saturn IB launch vehicle, was inserted into a 231.3 by 154.7 km
orbit. Rendezvous maneuvers were performed during the first five orbits as
planned. During the rendezvot,s, the CSM reaction control system forward
firing engine oxidizer valve leaked. The quad was isolated. Station-keeping
with the Saturn Workshopbegan approximately 8 hours after liftoff, with dock-
ing being performed about q0 minutes later.

, JSC,8kylab Mission Report Second Visit, JS0-08662, January 1974, p. 2-1.

July,2e- The Skylab 3 crewmen experienced motion sickness during the first three visit

s.p,,,,b.r 2s days. Consequently, the Orbital Workshop activation and experiment imple-
mentation activities were curtailed. By adjusting the crew's diet and maintaining
a low workload, the crew was able to complete the adjustment to space flight
in five days, after which flight activities returned to normal.

On 2 August the service module reaction control system,engines were inhibited,
and the isolation valves closedbecause of another leak. Acceptable control modes
and deorbit and entry procedures were defined, consistent with the constraints
imposed by the two reaction control system problems.

The first extravehicular activity wa_ delayed until 6 August because of the
crew's motion sickness. The E_,-_ lasted almost six and one-half hours during
which time the crew changed the Apollo telescope mount film, deployed the
twin-pole sun shield (see 6 August entry), inspected and performed repair work
on the S055 (ultraviolet spectrometer) experiment, deployed the S149 (particle
collection) experiment, and installed the calibration shield from experiment $230
(magnetosphcric particle composition).

A second EVA was performed on 24,August. It lasted 4 hours 30 minutes. The
tasks accomplished included installation of a rate _,ro package, deployment
of a thermal shield material sample, retrieval and replacement of the ATM
work station film, temporary stowage of the experiment S149 in the fixed airlock
shroud and redeployment at the Sun end, and removal of the aperture door/ramp
latch from two ATI_2experiments.

A third EVA was accomplished in 2 hours and 45 minutes on 22 September.
Its purpose was to retrieve the expended film on the ATM solar experiments and
experiments $230 and S149.

Earth resources experiment package activities included 39 passes with a total
of 930 minutes of data, AUexperiment coverage was normal with the exception
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PART In: SKYLAB DEVELOPMENT AND OPERATIONS

of the loss of experiment S193 (microwave radiometer/scatterometer and al- 1973
timeter) when the antenna failed to operate during data pass 29.

July

A series of medical experiments was accomplished which assessed the effect of

a 59-day space mission on the crewmen. Included were a hematology and im-

munology program, a mineral balance assessment, an evaluation of the changes

in hormonal and associated fluid and electrolyte parameters, the extent of bone

mineral loss, the cardiovascular eff%ts utilizing the lower body negative pressure
experiment and the vector-cardiogram, and an assessment of metabolic activity.

Four astrophysics experiments were successfully performed: experiment S019

(ultraviolet stellar astronomy); experiment S06_ (ultraviolet and visible Earth

photography); experiment S149 (particle collection); and expe_riment 8230

(magnetospheric particle composition). Data were obtained for studies of the
habitability and crew quarters and crew activities and maintenance. In addition,

several experiment M509 (astronaut maneuvering unit) sequences were per-
formed. The chart below gives a comparison of the actual crew time devoted to

experiments as opposed to that allocated in the preflight plan.

Man-hours Utilization

Preflight
Category Actual AUocationb

Hr: mln Percent Hr: rain Percent

Medical experiments 304:47 7.2 291:22 6.9
Apollo telescope mount

experiments 452 :56 10.7 311:01 7.3
Earth resources experi-

ment package 223:31 5.3 165:23 3.9
Corollary experiments 231: 15 5.4 153:45 3.6
Subsystemdetailed test

objective 7:05 0.2 3:49 0.1
Student experiments 10:49 0.3 10:06 0.2
Operationaln 3017:04 70.9 3314:45 78.0

" Included sleeping, eating, housekeeping, etc.
b Hours adjusted to account for increased missionduration.

On 25 Septembcr, the command module w,xs reactivated and the crew per-

formed the final OWS closeout. Following undocking and separation, the
command module entered the atmospherc and landed in the Pacific Ocean

approximately 300 km muthwest of San Diego. Splashdown was at 6:20 p.m.
EDT. The rccovery ship, U.S.S. New Orleans, retrieved the command module

and crew 42 minutes after hmding. The total flight time was 1427 hours 9
minutes 4 seconds.

R. V. Gordon, "JSC PAO SkylabActivitiesSummary,"September1973;JSC, $kyla6
Mission Report Second Visit, JSC-08662, January 1974,pp. 2-1, 2--2,and 15-2.
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SKYLAB: A CHRONOLOGY

1973 Lewis Research Center Director Bruce T. Lundin, who served as chairman of

the Skylab 1 Investigation Board, presented the findings of the board and theJuly
recommended corrective actions in congressional testimony:

30

_t* "... the Board developed 14 findings,quoted directly herein as contained in our
report to the Administratorof NASA.

1. The launch anomaly that occurred at approximately 63 seconds after lift-
off was a failure of the meteoroidshield of the OWS.

2. The SAS-2 wing tie downs were broken by the action of the meteoroid
shield at 63 seconds.Subsequent Io_ o! the SAS-2 wing was caused by retrorocket
plume impingement on the partially deployed wing at 593 seconds.

3. The failure of the S-II interstage adapter to separate in flight was probably
due to damage to ,he ordnance separation device by falling debris from the

• meteoroid shield.

4. The most probable cause of the faih,re of the meteoroid shield was intema!
pressurizationof its auxiliary tunnel. This internal pressurization acted to force
the forward end of the tunnel and meteoroidshield away from the OWS and into
the supersonic air stream. The resulting forces tore the meteoroid shield from the
OWS.

5. The pressurization of the auxiliary tunnel resulted from the admission of
high pregsure air into the tunnel through several openings in the aft end. These
openings were: (1) An imperfect fit of the tunnel with the aft fairing; (2) an open
boot seal between the tunnel and the tank surface; and (3) open stringers on the
aft skirt under the tunnel.

6. The venting analysis for the tunnel was predicated on a completely sealed
aft end. The openings in the aft end of the tunnel thus resulted from a failure
to communicate this critical design feature among aerodynamics, structural
design, and manufact,ring personnel.

7. Other marginal aspects of the design of the meteoroid shield which, when
taken together, could also result in failure during launch are:

a. The proximity of the MS [meteoroidshield] forward reinforcir.gangle to the
air stream.

b. The existence of gaps between the OWS and the forwardends of the MS.
c. The light spring force of the auxiliary tunnel frames.
d. The aerodynamic crushing loads on the auxiliary tunnel frames in flight.
e. The action of the torsion-bar actuated swing links applying an outward

radial force to the MS.

f. The inherent longitudinal flexibilityof the shield agsembly.
g. The nom,niform expansion of the OWS tank when pressurized.
h. The inherent difficulty!n rigging for flight and associated uncertain tension

loads in the shield.

8. The failure to recognize many of these marginal design features through
6 years of analysis, design and test was due, in part, to a presumption that the
meteoroid shield would be "tight to the tank" and "structurally integral with the
S-IVB tank" as set forth in the design criteria.

! 9. Organizationally, the meteoroid shield was treated as a structural sub-
system, The alxsenceof a designated "project engineer" for the shield contributed
to the lack of effectiveintegration of the various structural, aerodynamic,aeroelastic,

_. test, fabrication, and a_semblyaspects of the MS system.
10, The overall management system used for Skylab was essentially the same

_ as that developed in the Apollo program. This system was fully operational for
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

Skylab; no conflicts or inconsistencies were found in the records of the manage- 1973
ment reviews. Ncmethcle_, tile signillcance of the aerodynamic loads on the MS
during launch was not revealed by the extensive review process. July

I I. No evidence was found to indicate that the design, development, and test-
ing of the meteoroid shield were compromised by limitations of funds or time. The

;_ quality of workmanship applied to tile MS was adequate for its intended purpose.
12. Given the basic view that the meteoroid shield was to be completely in

contact with and perform as structtu'ally integral with the S-IVB tank, the testing
emphasis on ordn;mce performance and shield deployment was appropriate.

13. l'ngineering and management persomlel on Skylab, on the part of botil
contractor and Govermnent, were available front the prior Saturn deployment and
were highly experienced and adequate iu numher.

14. The falhu'e to recogt_tize these design deficiencies of the meteoroid shield,
as well as to communicate within the project the critical nature of its proper
venting, must therefore be attributed to an absence of sound engineering judgment
and alert engineering leadersl,lp concerning this particular system over a consider-
able period of time.

l"hese findings led the Board to offer the following four corrective actions, again
quoted directly from our report to the Administrator.

1. If the backup OWS or a similar spacecraft is to be flown in the future, a
possible course of action is to omit the meteoroid shield, suitably coat the OWS
for thet'mal control, and accept the meteoroid protection afforded by the OWS
tank walls, lf, on the other hand, additional protection should Im nece.ssat/,
the Board is attracted to the concept of a fixed, nondeployable shield.

2. To redoce the prohahility of ._eparation faihn'es such as occt, rred at the
S-II interstage second sepa,'ation plane, linear shaped charges should be detonated
simuha,wously f,'om hoth ends. In addition, all other similar ordnance applications
should he reviewed for a similar tailnre mode.

3. Structm'al systems that have to move or deploy, or that involve other
mechanisms, equipment or components for their operation should not be con-
sidered solely as a piece of slrttcture not' be tile exclusive responsibility of a
structttres organization.

4. Complex, nmltidisciplinary systems such as tile meteoroid shield should

have a designated project engineer who is responsible for all aspects of analysis, "_
design, fabrication, test, and assenlbly."

U.S. Congress, Senate, Cot:i;uittee ou Aeronautical and Space Sciences, Skylab_Part
2: llearing on Report of Skylab I lnveaigation Board, 9ad- Cong., 1st sess., 30 July
1973, pp. 25 26: U.s. C_mgress, lhmse, Suhc_mmlittee i_n Manned Space Flight of
the Ct,mmittee on Science and Astrouautics, Sk),lab I Investigation Report: ttearing,
93d Cong., 1st sess., 1 August 197:t, IJP. 29-30; memorandum, G. M. Low, NASA Hq,
to Prt_gram Asst_ciate Administrators, "Skylab 1 lnvestigatiun Board Report," 19 July
1973.

In a letter to the White House, NASA Administrator James C. Fletcher sum- so
marized the Skylab 2 mi_,_ion:

... A situation that was bleak indeed o,1 May 14, and for several days tllereafter,
impt'nved to a point well beyond our most optimistic forecasts at that time.
This of course was due to a courageous crew and it dedicated team of government
a,ad industrial coiltractor personnel, whose dedication and ability cannot be

overe,nphasized. .
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SKYLAB:A CHRONOLOGY

1973 Not only was the crew able to accomplish the great majority of the technical and
scientific objectives established for this first Skylab mission, but they were able

July also to repair the Skylab space station and leave it in a condition which will allow
the satisfactory completion of nearly all that we desired from the overall Skylab
Program, with the unexpected additional accomplishments of demonstrating the
ability to respond to adversityand demonstrating the flexibilityprovidedby the use
of man and his faculties in a hostile environment....

Letter,JamesC. Fletcherto thePresident,30 July 1973.

A_t Skylab 2 postflight medical debriefings indicated the desirability of minimizing

t crew exposure to recovery ship motions for both crew reconditioning and post-
recovery medical evaluations. In order to provide the Skylab 3 crew with this
minimum exposure, mission duration was extended to 59 days. This allowed

for a splashdown closer than 550 km of San Diego, and a crew stay time aboard

the recovery ship of only 17 hours.

Letter, William C. Schneider, NASA Hq, to Associate Administratorfor Manned
Space Flight, "SL--3Miuion Duration," 1 August1973.

During weekly medical briefings scheduled to begin on Thursday, 23 August, .

JSC would provide the Skylab Program Director with an in-depth review on

all medical experiments and a consolidated systems-type clinical summary on

crew health status. Where possible, a projection of anticipated crew performance

would also be presented.

Letter, Kenneth S. Kleinkneeht, JSC, to Skylab ProgramDirector, "Medical Review
of SI.,-3 Results," 2 August 1973; TWX, William C. Schneider,NASA Hq, to JSC
Manager,SkylabProgram,"MedicalStatus," 26 July 1973.

6 During EVA by crew members of Skylab 3, a twin-boom sunshade, developed by

MSFC, was deployed over the parasol of the OWS. A redesigned and refined

thermal parasol had been launched with Skylab 3. However, its use would have

required jettisoning the parasol deployed by crew members of Skylab 2, with
the possibility of creating the same thermal problems that existed on the OWS

prior to the parasol deployment. Following erection of the twin-pole sunshade,

the cabin temperature stayed at a comfortable 293-297 K (67.7°F-74.9°F).

JSC, Skflab Mission Report S,¢ond Visit, J8C-08662, January 1974, pp. 3-1 and
10-37.

e Anomalies that had occurred during micrometeoroid shield testing were sum-
marked:

A series of deployment tests were conducted on the micrometeoroid shield duriiag
the course of two years prior to launch. Only one component actually failed during
this testing. This failure was the rupture of an ordnance expandable tube which
did not affect its intended function of breaking the tension strap, but did allow
contaminants in the form of explosive residue to be released. Redesign was
accomplished and no further problems were encountered.
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PART HI" SKYLAB DEVELOPMENT AND OPERATIONS

Other anomalies that occurred which precluded the tests from being successful 1973
were misalignment of deployment latches and failure of latches to engage. All de-

ployment tests were successful from the standpoint of deploying the micronmteoroid August

shield to a position which would have been acceptable for orbital operations.

A second micrometeoroid shield component failure occurred during ultimate pres-

sure testing of the dynamic test article. Three of twenty-four hinges that connect

the micrometeoroid shield to the straps which run unde, the main tunnel yielded.

The straps were subsequently redesigned to provide greater strength and no

further problems were encountered.

The decision to utilize solar panels instead of fuel ceils or some form of generator

was not made because of economical reasons. Fuel cells had originally been

considered; however, due to extension of the mission to 240 days total, and the

continued increase in power requirements, the fuel cell concept became inadequate.

The solar panels were developed to satisfy the extended mission and high power
requirements.

Memorandum, W. K. Simmons, Jr., MSFC, to G. C. Hunt, MSFC, "Skylab Micro-
meteoroid Shield Inquiry," 6 August 1973.

A meeting was held at MSFC to define a viewing program for the comet Ko- r-ls
houtek during the SL-4 mission. Representatives from NASA Hq, MSFC, GSFC,
and JSC attended. Results of a feasibility study for viewing the comet were
presented to the NASA Administrator on 15 August. It was agreed that ob-
servations of Kohoutek would be made at appropriate times during the SL-4
mi.._OlL

JSC, "Skylab Program Office Weekly Activity Reports," 10 August and 23 August
1973; TWX, William C. Schneider, NASA Hq, to MSFC, JSC, and KSC, "SL-4
Mission Schedule," 16 August 1973.

NASA decided to delete the Skylab backup Saturn V Orbital Workshop launch 13
capability effective 15 August. All work asg_ciated witlt the completion, checkout,
and support of Skylab backup hardware, experinaents, software, facilities, and
ground support equipment would be canceled immediately, except for the work
that would direcdy support SL-3, SL-4, and rescue missions.

Memoranda, Dale D. Myers, NASA Hq, to James 12. Fletcher, NASA Hq, "Cancella-
tion of Skylab Back-up Saturn V Workshop Launch Capability," 8 August 1973;

James C. Fletcher to Dale D. Myers, same subject, 13 August 1973; TWX, William
C. Schneider, NASA Hq, to JSC, MSFC, KSC, LaRC, and ARC, same subject,
15 August 1973.

The Skylab 4 space vehicle was moved from the KSC Vehicle .a.x_em'olyBuilding August14-
to Launch Complex 39, Pad B, on 14 August. The space vehicl_ consisted of November 16
a Saturn IB launch vehicle--S-IB-208 first stage, S-IVB-208 second stage,
and S-IU-207 instrument unit; a CSM-I18; and a spacecraft hmar module
adapter. The SL--4 crew was made up of commander Gerald P. Carr, science
pilot Edward 13. Gibson, and pilot William R. Pogue.
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1973 The S-IVB stage had arrived at KSC on 4 November 1971 and had been

August placed in storage until 15 December 1972. The CSM arrived on 10 February
1973 and was moved into the Operations and Checkout Building for systems
testing. The S-IB stage arrived on 20 June 1973 and w,_s erected on Mobile

Launcher 1 on 31 July 1973. The IU arrived at KSC on 12 June 1973. The

S-IVB and IU were mated to the S-IB on 1 August 1973.

The processing schedule was accelerated on 3 August to a seven-day, 24-hour_
per-day workweek to make SL-4 ready for a possible early flight to rescue the

orbiting SL-3 crew, which was having serious leakage problems in their service

module reaction control system. This accelerated schedule would support a
launch on 9 September. As a better understanding of the SL-3 problem was

obtained, the SL-4 checkout flow was adjusted on 13 August to support an

earliest launch date of 25 September, which allowed a complete spacecraft

integrated systems test to be conducted. With this schedule, hypergolic loading,

anticipated for 9 September, would be a decision point for a rescue need with
earliest launch readine._ of a rescue minion nine days from commitment to

hypergolic load. Upon completion of the hypergolic loading preparations on 10

September, the space vehicle remained on a launch minus nine days status until

the splashdown of SL-3 on 25 September, when the .schedule was readjusted
for a 10 November launch.

On 15 August, the mobile launcher sustained several lightning strikes. Damaged

componen, ts of the CSM, mostly _aidance system units, were replaced and re-
tested. The launch vehicle lightning retest revealed no related failures or effects

on the launch vehicle or ground support equipment.

Cracks in an S-IB upper "E" beam forging were found on 27 August; repairs

were completed on 3 September.

The flight readiness test was completed on 5 September. Processing of the space

vehicle continued until 9 September, at which point it was ready for start of

hypergolic loading. The space vehicle remained in this mode until 25 September,

when the SL-3 astronauts splashed down successfully. Scheduled processing

began immediately for a standard mission November launch.

A rerun of the flight readiness test was completed on 11 October. Space vehicle
hypergolic loading was completeo on 19 October. On 23 October, two S--IB

fuel tank domes were inverted due to a partial vacuum pulled on the tanks; two

days later a t,'mk pressurization returned the tanks to their original configuration.

As on SL-3, the countdown demonstration test w,_s combined with the count-

down into one function, with a launch countdown-wet (LCD-wet) followed

by ,securing and 421/..,.hou1_ of final countdown tasks. The LCD-wet began at

10:00 p.m. EST on 28 October and finished at 11:40 a.m. EST on 2 November.

Discovery and repair of cracks in the S-IB fins caused a five-day postponement

of the launch date, and one additional day was needed to inspect the S-IVB
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

structure. These delays moved the scheduled launch date to 16 November. The 1973

final countdown began at 2:30 a.m. EST on 14 November with launch at 9:01 Auau-
' a.m. EST, 16 November (see 16 November entry).

_;! KSC, "Skylab 4 Post-Launch Report," 10 December 1973, pp. 7-1, 7-2; Astronautics

'.:: and Aeronautics, 1973 (NASA SP-4018), Washington, D.C., 1975, p. 244.iv

!'T .i.'
':_ A tdecon was held to discuss the guidelines to be used for SL-4 planning. The 16
,,' key points resulting from this discussion were:
,/

::,_! (1) The normal mission launch would be scheduled to allow the first fifth-
orbit rendezvous, ,, tunity occurring on or after 9 November 1973. Current

:_i estimates indic .m I 1 November launch.

i: (2) The mission would be planned for a nominal 56- to 59-day duration. i.

Splashdown date would be adjusted so that a return to port would be accom-
i_ plished within 24 hours after recovery.

: e (3) There would be no primary recovery ship utilization planned for other _
_; than a normal end-of-mission recovery,.
_i: (4) KSC would continue the present rescue vehicle flow through 9 Sep-

i tember 1973 (readin_s for hypergolic loading), at which time a hold mode with
a nine-day launch capability would be maintained. The decision to load hyper-
golics would be made by the Program Director.

_ (5) A review to examine the Workshop systems fully would be held on
_ 17 September 1973, at which time the capability of the Workshop to perform
i the normal scheduled mission on the scheduled date would be established. For
b
_, planning purposes, a minimum of 21 days' preparation would be allowed for

an orderly launch acceleration if the review showed such a necessity.
(6) At SL-3 splashdown, the SL-4 KSC flow would revert to the normal

mode. Retesting and additional tests would be performed as necessary. _i

(7) The SL-4 mission was not to be predicated on the availability of the :_
$201 far ultraviolet camera. However, attempts would be made to accomplish

° its development. _

(8) Onboard consumables would be reserved for comet observations. Film !!i!
L * WaSto be budgeted to ensure that an ample quantity was available for the comet
_i viewing period. Mission planning would assume no additional film or tapes be-

yond those currently baselined.

!_ (9) Three EVAs would be baselined for conduct of scientific experiments.
However, expendables to enable one unscheduled EVA for system contingencies ii!
would be provisioned, Mission planning would reserve thcx_eexpendables.

ii (10) Comet observation would be given the highest priority over other

i experiment activities during the period from 16 December 1973 to the end of
the mission.

_! (II) One maneuver per day would be baselined for comet observation,
_: with a goal to conduct an added maneuver to meet established experiment oh- :'_

jectives. Maneuvers would be constrained as outlined in the systemsmanagement

i: criteria document.
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1973 (12) Funding for the experinlent modifications would be the responsibility
of the development center after 16 August 1973.

August

TWX, William C. Schneider, NASA Hq, to JSC, KSG, and MSFC, "SI.-4 Planning,"
17 August 1973.

a0 Guidelines were issued by NASA Hq for release, disposition, and storage of all

unneeded Skylab Program equipment. Two Saturn Vs, two Saturn IBs, three

command and service modules, the backup Skylab cluster, and appropriate
spares would be placed in minimum cost storage as soon as program requirements

permitted.

Letter, William C. Schneider, NASA Hq, to MSF12, JS12, and KSC, "Storage and
Disposition of Skylab Hardware and Associated GSE," 30 August 1973; TWX, Wil-
liana C. Schneider to KSC, MSFC, and JSC, "Teleconference on Storage and Disposi-
tion of Excess Skylab Hardware and Associated GSE," 26 September 1973.

3+ The results of solar radiation tests on the Skylab parasol material was released
by LaRC. The accelerated testing indicated more severe degradation than would

be experienced had the tests been conducted in real-time conditions. However,
even with the severe degradation rate, the samples retained over 50 percent of

their original tensile strength and elongation and showed no signs of delamination

after the equivalent of 3316 solar hours of exposure.

Letter, Wayne S. Slemp, LaRC, to S. Jacobs, JSC, "Results of Tests on Skylab Parasol

Material," 31 August 1973.

S.#*mb*r At the request of the Space Shuttle Program Manager, equipment had been
carried aboard a Navy sMvage vessel (a part of the launch abort contingency task6
force) for the purpose of monitoring the sonic booms created by Skylab I and 2

launch vehicles. However, the necessary data were not obtained from the SL-2

launch because the ray pattern was distorted away from the salvage ship by a

high-altitude inversion layer. Therefore, it would be necessary to obtain sonic

boom data from the SL-4 mission. Action was being initiated to accomplish this.

[ Memorandum, M. S. Malkin, NASA Hq, to Director, Skylab Program, "Obtaining
Sonic Boom Data During Sk),lab Launch," 6 September 1973; TWX, William 12.
Schneider, NASA Hq, to Kenneth S. Kleinknecht, JSC, "Langley Research Center

Sonic Boom Tests for Skylab 1/2," 7 May 1973.

6 At a Kehoutek status meeting, JSC was requested to determine if additional

ultraviolet eye protection would be required by the Skylab 4 ,astronaut while

performing Kohoutek operations. A study indicated that no additional eye

protective devices would be required for either intra- or extravehicular viewing
of the comet. The use of the existing space suit sun visors would be required

during extravehicular viewing.

JSCj "Skylab Program Office Weekly Activity Report," 21 September 1973.
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

Discussions confirmed that there was reasonable assurance that an ApoUo-Soyuz 1973

Test Project (ASTP) revisit to Skylab in mid-1975 was feasible. However, such September
a dual mission would create a significant planning problem for the operations

: team and would introduce man}, new considerations to the inflight planning and 13

: execution because of uncertainties in the orbital mechanics.

Memorandum, William C. Schneider, NASA Hq, to the Program Director ASTP,
"ASTP-Skylab Revisit," 13 September 1973; letter, G. S. Lunney, JSC, to Program i

i Director, ASTP, "Skylab Revisit," 26 November 1973. :_

i The Director of the in his in the ASTP is :!Skylab Program, offering counterpart i
some advice in establishing an ASTP television program, stated: " . . . I

ascribe at least two of my many ulcers to television. It's an emotional subject :i
because everyone is an expert on requirements. If you can get:

i

a. The groundrules stated,

'_ b. The requirements from the senior man who feels responsible,

c. Then treat it like any other requirement,

d. Put a discipline in the system more rigorous than I did,

e. Take the requirements people out of the day-to-day implementation,
.

you may only get only one TV ulcer."
!
i

i Memorandum, William C. Schneider, NASA Hq, to Director, Apollo-floyuz Test

! Project, "Skylab Television Experience," 15 September 1973.

Fish and embryo that were part of a Skylab science demonstration would be 1.

i returned to JSC by Skylab 3, provided that one or more of the fish were still

i alive at the time of deactivation. Upon return to the recovery ship, the fish

would be photographed and observed to determine any "eaction to the one-g

environment. They would ther, be returned to JSC for comparison with the

! backup fish and embryo which were being held in the JSC laboratory. Later
histological observations and examinations of their vestibular apparatus would be

performed to determine aily changes between the two groups.

Memorandum, William C. Schneider, NASA Hq, to Associate Administrator for
Manned Space Flight, "Return of Fish and/or Embryo and SL-3," 21 September

1973. i

i
More high-quality solar data were recorded by the SI.,-1/2 mission than all ts ,!;

previous solar research efforts combined. This was achieved with the ATM_a __

configuration of high-resolution instruments on a single platform with a wide

range of spectral coverage pointed simultaneously at specific targets, In addition, :_
,_ man was integrated as a scientific observer, operator, and repairman to ensure _'_

maximum return of data. :_

Letter, g. lse, MSFC to Dist., "ATM Results," 18 September 1973.

_! III I I II I
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A Skylab 3 onboard photo showsastronaut Jack R. Lousma as he flew the astronaut
maneuveringunit in the forwarcldome of the space station while in Earth orbit.

1973 The final Earth resources experiment package pass for Skylab 3 ended, hi all, 39
Earth-oriented passes, six solar inertial passes, two Earth-limb surveys, and twoSeptember
lunar calibration sequences were completed.

21

The 15 hours of data acquisition was about 40-percent higher than the
premission flight plan and included i5 780 photographs and 28 000 m of
magnetic tape. Data were acquired over the United States, Central and South
America, Europe, Africa, Japan, and Southeast Asia. Special observations were
made of tropical storm Christine, the Sargasm Sea, the African drought area,
and the Pakistan flood area. Oblique and nadir photography was obtained for
most of Paraguay as part of a joint U.S./IAGS (Inter-American Geodetic
Survey) Paraguay mapping experiment.

Memorandum, T. L. Fischetti, NASA Hq, to Dist., "SL-3 Summary and EREP
Program Status," 26 September ICJ73.

2s All primary mission objectives for Skylab 3 were accomplished with the safe
recovery of the crew and vehicle. These objectives were to

(I) Perform unmanned Saturn Workshop operations by obtaining data

for evaluating the performance of the unmanned Saturn Workshop and obtaining
solar astronomy data through unmanned ATM observations.
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; The photo at the left shows a most welcome sight to all retum:.g astronautsfrom
, Skylab missions--parachutes. Here the Skylab 3 parachutes unfurled before i

opening at I0 000 m. Right, the Skylab 3 crew (left to right), Jack Lousma,
Owen Oarriott,and Alan Bean, are picturedafter their recoveryby the US.S.
New Orleavs about 300 kmsouthwestof Sa, Diego.

(2) Reactivate the orbital assembly in Earth orbit by operating the orbital 1973
assembly (Orbital Workshop plus command and service module) as a habitable Sep_mbsr
space structure for up to 59 days after the launch of the second-visit spacecraft
and obtaining data _orevaluating crew mobility and work capability during bothi
intravehicular and extravehicular activities.

(3) Obtain medical data on the crew for use in extended duration manned
_ space flights by obtaining medical data for determining the effects on the crew
il of a space flight of up to 59 days' duration and obtaining medical data for

determining if a subsequent Skylab mission of greater than 59 days' duration is
feasible and advisable.

(4) Perform inflight experiments by obtaining ATM solar astronomy data
! for continuing and extending solar studies beyond the limits of Earth-based obser-

vations; obtaining Earth-r_esourcesdata for continuing and extending multisensor
_; observation of the Earth from low-Earth c_rbit;and performing the assigned
!i scientific, ehgineering, technology, and Department of Defense e,;periments.
i:

A summary of the objectives accomplished showed a very high degree of
! completion, especially considering the reduction of experiment time early in the

i mission caused by the motion.sickness problems. After *.hefirst few days, the
crew quickly caught up and, du,ing the remainder of the mission, exceeded the

! preplanned workload, For many experiments, the baseline requirements were

i xceeded, and a number of experiments planned for the third visit were accom-plished. (See chart in entry for 28 July-25 September 1974.)

! From the successfulcompletion of the Skylab 3 mission, the following conclusions
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| 973 were reached:

S_m_r (1) The abdity of the crew to correct systems difficulties by actions such as

deployment of the twin-pole sunshield, replacement of the rate gyro package,

repair of the teleprinter, and repair of the ATM experiment door enabled the

second visit to proceed as planned and again demonstrated tile advantage of

having man on board the vehicle.

(2) Revisits provided the opportun;ty to correct hardware problems,

restructure objet_tives, and revise replaceable commodities based on actual

experience.

(3) Psycholo#cal and physical conditions resulting from the 59-day mission

indicated no constraints for longer duration flights.

(4) Ordinary hand tools could have been used effectively in place of special

tools in the zero-g environment when making repairs and adjustments.

(5) The limitations of noncontinuous ground station coverage imposed

restrictions on data return, systems management, and uplink information.

(6) The skills learned in underwater training were almost identical to the

skills used in actual performance of tasks during EVA and, if instructions were

adequate, a crewman could perform extravehicular tasks for which he had not

specifically trained. Tasks were somewhat easier to perform in zero-g than in

underwater training.

JSC. Skylab Mission Report Second Visit, JSC--08662, January 1972, pp. 14-1, 14-2,
and 18-1; memorandum, William C. Schneider, NASA Hq, to the Administrator,
15 October 1973.

Ottob,r An ad hoc committee was established to analyze the vestibular problems which

cceurred in previous manned space flights and to make recommendations con-4

cerning prevention and control on future flights. Particular emphasis was placed

on the experiences of the Skylab 3 cre,,. As a result of the committee meeting,
it was recommended that the crewmen of SL-4 take anti-motion-sickness medica-

tion immediately upon orbital insertion and follow this with periodic doses for

the first three days of flight.

Memoranda, S. B. Vinograd, NASA Hq, to the JSC Director of Life Sciences, "Ad
Hoc Committee on Skylab Vestibular Effects," 4 October 1973; C. A. Berry, NASA

Hq, to Director, Skylab Program, "Use of Anti.Motion-Sickness Medication for SL-4

Laur.ch," 5 November 1973; Kenneth S. Kleinknecht, JSC, to Skylab Program Direc-
tor, "Medical Action Items," 6 November 1973; William C. Schneider, NASA Hq, to
JSC Skylab Program Director, "Skylab Action Items," 9 November 1973.

s All elements of the Skylab organization (NASA Hq, JSC, MSFC, and K

would prepare documentation of significant Skylab experiences. Preliminary
drafts of these "Lessons Learned" would be circulated to other Centers and

Headquarters for review and comment prior to final publication. It was

anticipated that the reports would be ready for final publication about the time

of the SL-4 splashdown.
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Letters, William C. Schneide- NASA Hq, to MSFC, JSC, and KSC, "Documenta- 1973
tion of Significant Skylab Experiences," 5 October 1973: Willian, C. Schneider to

Ames Research Center, same subject, 6 December 1973; JSC, "Skylab Program Office October
Weekly Activity Report," 7 December 1973.

The crew of Skylab 4 began a 21-day prelaunch isolation period. Established =o
prelaunch procedures required each Skylab flight crew to begin a health
stabilizationprogram 21 days before liftoff.

JSC News Release 73-138, "Astronauts to Begin Isolation Period," 23 October 1973.

A review of Skylab 3 medical data and SL-4 mission planning was conducted 24
by the NASA Administrator. Among the items covered were a plan for measuring
both the pre- and postflight cardiac outputs of the SL-4 crew; elimination of all
activities in the deactivation sequence not absolutely required; and a plan for
accommodationof the circadian shift necessary for missions of various duradom.

TWX, William C. Schneider, NASA Hq, to JSC, MSFO, and KSC, "Skylab Mission

and Medical Review," 25 October 1973.

Because of an extension in mission duration and changes in mission requirements, 30
publication deadlines would not be met for a final flight plan for Skylab 4.
Therefore, summaries were in preparation that would inco.,':porateall known
changes in mission requirements. These would be available for limited distribu-
tion prior to liftoff.

Memorandum,J. W. Bilodeau, JSC, to Dist., "SL-4 Flight Plan," 30 October 1973.

Two vials, each containing 500 gypsy moth eggs, were hand carried to JSC from o-- ,m, 30-

the Depar:ment of Agriculture. After being loaded in flight containers, they were November 6

hand carried to KSC. The eggs would be l,_unched on Skylab 4 and then trans-
ferred to the OWS sleep compartment area where they would be monitored
during the course of the SL-4 tnksion, The eggs were being -arried at the request
of the Secretary of Agriculture.

JSC, "Skylab Program Office Weekly Activity Report_," 3 and 9 November 1973.

A shift in the Skylab 4 launch schedule was required in order to replace eight Nov,=b,r

cracked fins on the S-IB. The hairline cracks were discovered during a post- 6
countdown demonstration test inspection. Initial indications wet'e that the 14

cracks were caused by load stressor salt air, or possibly a combination of both. .

"Minutes of Manned Space Flight Management Council Meeting," 7 November 197&

A high-energy food bar was added to the menu of the Skylab 4 astronauts. The * ._
72 kg of additional food placed aboard thc SL--4 command module included
39 kg of high-energy food bars and would supply sufficient food for an extemion L
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1973 of tile mid, ion to 85 days. phts :in additional 10 days" supply for a rc_'ue capa-

Uov°mb,, bilitv. The food bal_, which contained 301) calories each, would be used I)y the
crewmen every third day of the tnimion ill ct)nlbhlatit)li with the nornlal Skylab

food. There were three kinds of cnerg.v bars -t'h,,wolate chip, crispy, :uld flake.
Each was coated with olle of three Ilttvol.x- vatfilla, chocolate, or strawberry--

making nine different varieties. The b.'u', a nu_dification of a connuercially

available Pillsbury food stick, was ;ill ollspt'ing of a bar devclopcd joindy by
NASA, the U.S. Air _:ot't'e, arid the Pillsbury Conlpany.

JSC News Release 73-1-|3, "'Next Food for Third Skylab Mission," 6 November 1973.

14 A launch readiness review w;ts held at KS(:. From tile review and clo_out of

action items, tile Skvlab 4 vehicle was .letcrntined to be ready for ialmch on

I6 November 1973. Other reviews included the KS(: flight readinegs review,

18 October; tilt"jsc l)irector's flight readiness t'cview and tile JSCcommand
mid service module flight readiness review, I I October: tile MSFC review of the

Skylab Workshop systems capitbilitie:;, 17 Septetuher; and the KS(" SL-4 launch
readinegs review. 1.5 October 1973.

Letters, W. C. Schneider, NASA llq, to Skylab .I Fhght Readiness Review Record,

"Confirmation _f Flight Readiness for Skylab "U" 14 Nt,ven,ber 1973; W. I1. Rock,

KSC, to JSC Skylab Program Manager, "SL 4 Launch Readiness Review." 4 October

1973; me,uoranda, W. C. Schneider to Dist., "Skylab L 2 Day Readiness Review for

SL-4," 17 October 1973; W. C. Schneider to JS(', MSFC, and KS(:, "SL. 4 Plan-

ning,'" 4 October 1973: W. (l. Schneider to MSFC aud JS(.l, "Mission Planning for

SL 4," 2ti Sel)ten_ber 1973; W. C. Schneider to Dist., "Skylab Systems Status Review

for SL-4 l,atuwh Plat_tfing." 19 Septemlwr !973: TWXs, W. C. Schneider to JSC,

MSFC. KS|:, and GSFG, "SL .! FRR and I)CR Schedule." 7 September 1973; L. F.

Belew, MSFC, to ,";ASA llq, KSC, and JSC. "SL .! Ih'e-Mission Planning and SWS

Systems Status Review," 7 September 1073: "Minutes of JSC Flight Readiness Review
for Skylah 4," 16 Ot.zoher 1973; "Minutes of JS(.: Flight Readiness Review Board

GSM 118/SLA 24," 11 October 197'3.

_6 Skylab 4 was launched at 10:01:23 a.m. EDT from Pad B, I,C-39, at KSC.

Planned duration of the mission was 56 days, with the option of extending it to a

maximmn of 84 days. The crewmen were Gerald P. Carr, Edward G. (;ib._m,

and William R. Pogue.

The space vehicle consisted of it tuodified :Xp,llo CSM and it Saturn IB launch
vehicle. All launch ph:tse events were nornlal, ;rod the CSM was inserted into a

150.1- by 227.08-km orbit. The rendezvtuls seq_ence was performed according

to the anticipated timeline. Statitmkeeping was initiated alamt uwen and one-hMf

hout.'s after liftoff, and hard docking was achieved about '30 minutes later

following two unsuccessful docking attempts.

JYC, Skylab Mission Report Third ViJit, JSC-O89(i'L July 1974, p. 2-1.

N.v.m_, 17- During 17 and 18 November, Orbit;d Wot'kshop activation was aeconiplished by

the crew of Skylab 4. The rt,activ:flitm inchldt, d tile reservicing of tile airloekFebruary 7
module primary coolant loop.
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Skylab 4 was launched from KSC at
I0:01 a.m. EDT, 16 November
1973, the final launch of the Skylab
program.

The commander and pilot experienced symptoms resembling motion sickness 1973
during the initial three days of the visit, and flight plan activities were adjusted N.v.m_,
accordingly. Crew health was good thereafter. The medical experiments con-
ducted during the first and second visits were continued during the third visit to
assess the effects of the space visit on the crewmen. Some changes were made,
and many new medical detailed test objectives were added.

EREP observations were conducted throughout the visit. Thirty-nine data passes
were performed with the full complement of instruments operating, and several
additional data passes were made for special purposes such as instrument calibra-
tion. Although the data acquisition sites were mostly concentrated in the United
States, Mexico, and South America, data were also obtained while over Europe,
Africa, Asia, and Australia. In addition to the EREP observations, about 850

visual observations were made, and more than 2000 photographs were taken by
the crew using hand-held cameras to document specific areas of interest on Earth.

The Apollo telescope mount was operated by the crew for a total time of approx-
imately 519 hours, with over 337 hours of solar, stellar, and Comet Kohoutek
data being obtained. Some of the significant accomplishments were obtaining
coverage of the Comet Kohoutek, a solar eclipse, the brightest coronal transient
observed during the Skylab Program, and two .solarflares which included flare rise.

Twenty-eight experiments in the fieldsof astrophysics, engineering, and technology _/_G_ l.b

were included in the third visit, and 235 crew man.hours were devoted to their O)_.G_)O/_ ._ _
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Top, left, is a view of the Comet Kohoutek from Skylab
4 on 25 December 197.1,when its h'.do was about 2.6

million kln in diameter. At top right, on the same

day Kohoutek's tail was approximately 4.8 million _
km long. Above right, is a 19 December 1973 photo
of the most spectacular solar flal,e yet recorded

(upper left), spanning more than 588 000 km across
the solar surface. "]'he darkened areas at top and
bottom are. polar areas. At right is a near-vertical
Earth view, showing about 30 percent of Wyoming
and small portions of Montana and Idaho; the dark
area at left is Yellowstone National Park. Above is a ;' _':/_"

view of the ice-filled mouth of the St. Lawrence ._
River in Canada; Antieosti Island is in the center. _--,_
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PART Ill:SKYLAB DEVELOPMENT AND OPERATIONS

performance.More than 200 man-hourswere devotedto Comet Kohoutck 1973
observations,withsixspecialcxpcrimentsplustheATM instruments. November

Orbital activities included four period_ of EVA totaling approximately 22_
hours. The first EVA was accomplished 22 November and lasted 6 hours 34

minutes. The primary purpose of the activity--installation of film magazines in

the ATM cameras--was accomplished satisfactorily. Other tasks accomplished

included performing corrective maintenance on the experiment S193 (microwave

radiometer/scatterometer and altimeter) antenna, deploying panels of experiment

I)024 (thermal control coatings), deploying impact detectors of experiment S149
(particle collection), deploying detector modules of experiment $228 (trans-'aranic

cosmic rays), and deploying collector assemblies of experiment $230 (magneto-
spheric particle composition).

The second and third EVAs were conducted on Christmas day and 29 December

to take photographs of the Comet Kohoutek prior to and after perihelion. The
instruments for experiments $201 (extreme ultraviolet camera) and T025 (corona-

graph contamination experiment) were used for this purpose. Experiment S020
(X-ray/ultraviolet solar photography) was also conducted on the second and third

EVAs. Other tasks performed during the extravehicular activity consisted of

replacing film magazines in the ATM cameras, pinning open the door of experi-

ment S082A (extreme ultraviolet spectroheliograph), manually repositioning the

filter wheel on experiment S054 (X-ray spectrographic telescope), and retrieving

experiment S149 (particle collection) impact detectors. The duration of the
second EVA was 6 hours 54 minutes; the third 3 hours 29 minutes.

The fourth and final EVA was performed on 3 February 1974. The majo asks

accomplished consisted of retrieval of the ATM film, an additional performance

of experiment S020, and performance of experiment T025. Other tasks consisted

of retrieval of modules, panels, assemblies, and samples that were to be returned

to the ground for analysis, and deployment of cassette.s and panels for potential
retrieval in the future. The duration of the fourth EVA was 5 hours 19 minutes.

The actual allocation of crew time to experiments, as opposed to the preflight

plan, is shown in the following chart:
Allocation, Man-hours

Adjusted asof
Category Previsit VisitDay 28 Actual

Medical experiments 476 422 397
Apollo telescope mount

experiments (solar) 509 417 466
Earth resourcesexperi-
mentpackage 295 242 275

Corollaryexperiments 297 245 235
Comet Kohontek 282 231 204
Miscellaneous 110 58 96

Total 1969 1615 1673
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._. ]973 R.V. Gordon, JSC PAO, "Skylab 4 Events," February 1974; JSC, Skylab Mission

Report Third Visit, JSC-08963, July 1974, pp. 2-1, 2-2, and 14-2.
November

26 The Skylab rescue mission hardware was on schedule, and vehicle rollout to the

launch complex was scheduled for 5 December. Integrated testing and the flight
i readiness test would be completed about 13 December. Flight readinessreview

dates would only be establishedif a rescue launch was required.

JSC, "Skylab Program Office Weekly Activity Report," 26 November 1973.

i

D_,c,mber The Skylab Program organization at NASA Hq would be disestablishedin March !

lo 1974. A small group headed by T. E. Hanes would be retained to manage the i
Skylab closeout. In addition to administering the equipment disposition and

::" contract closcout activities, the group would lead and coordinate activities rdated _:
to exploitation of the Skylab experience and scientific data. Arnold D. Aldrich

!
was named Sky'.abProgram Manager, and W. D. Wolhart would handle these :_

special activities on a full-time basis at JSC. By mid-February, MSFC would also
name an individual for the Skylab follow-on activities. In the meantime,
Leland F. Belew would be the Center contact.

Letters, Dale D. Myers, NASA Hq, to Center Directors of JSC, KSC, and MSFC,
"Close Out of the Skylab Program," 10 December 1973; Rocco A. Petrone, MSFC,
to Dale D. Myers, same subject, 21 December 1973; memorandum, G. S. Lunney,
JSC, to JSC Director, same subject, 2 January 1974.

lo A message of congratulation was read to the Skylab 4 crewmen for the tremendous
contribution they were making toward procuring medical data which would
provide the base for future manned space flight efforts. The message was from
the Soviet delegation of the joint working group in space biology and medicine.

Letter, John H. Disher, NASA Hq, to JSC Skylab Program Manager, "Meamage to
8I-4 Crew," 10 December 1973.

26 The AP's top 1973 news stories in order of balloting were Watergate, Spiro T.
Agnew, end of war in Vietnam and the release of prisoners, the economy, war in
the Middle East, the energy crisis, the slaying of 27 boys in Texas, the death of
Lyndon B. Johnson, Skylah space missions, the revolution in Chile.

Memorandum, W. W. Pomeroy, NASA Hq, to Associate Administrator for Manned
Space Flight, "Editors Rank Skylab in Top 10 News Stories," 26 December 1973.

1974 Flexibilitytoconducta secondSkylabmissionwouldbe retaineduntilsuchtime ,'!
as NASA planning for the FY 1976 budget was complete. To accompUshthis,

January NASA issued the following guidelines. _

a • Launchumbilicaltower2 wouldbe retainedin itspresentstatusfor
po_ible Skylab usage unti_ a decision was made to prepare for a Skylab launch
or to begin modifications for the Shuttle Program. i
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PART Ill: SKYLAB DEVELOPMENT AND OPERATIONS

• Action would be continued to place in storage existing hardware (includ- 1974

ing appropriate backups and spares) required for conduct of a Skylab mission, Janvary
• The Skylab Program would fund the activities required to place the hard-

ware in minimum cost storage and the storage costs tht _ugh June 1974.

Letter, Dale D. Myers, NASA Hq, to the Directors, MSFC, JSC, and KSC, "Reten-
tion of Skylab II Capabilit)'," 3 January 1974.

Studies had been conducted to determine an end-of-mission configuration for the to

Orbital Workshop and for maintaining the option of an OWS revisit at some

future date. MSFC assessed the special deactivation requirements for the AM,

MDA, and the Workshop required to establish a satisfactory, economical config-

uration. JSC made an evaluation of ground support monitoring and control

options. The OWS would be left in a configuration that would permit a revisit
at some future date without reactivation.

"10 January 1974 Manned Space Flight Management Council Summary of Agree.
ments and Action Items," 4 February 1974.

A series of engineering tests on the Orbital Workshop was authorized following Is

completion of the Skylab 4 mission provided that only tests which would result in

significant engineering knowledge would be performed; no compromise would be
made to the desired end of mission confguration by conducting the test (10

January 1974 entry); the vehicle would be left in the final configuration no later

than 15 February 1974; and only a minitnutn of overtime and shift operation

would be expended to obtain the data.

"Memorandum, Dale D. Myers, NASA Hq, to the Skylab Program Director, "End of

Mission Configt, ration of Skylab," 15 January 1974.

Significant repair and maintenance accomplishments of the three manned Skylab 24

missions were reported:

• For the first I l days, ground operations control kept the Skylab alive and

allowed time for planning and hardware manufacturing necessary to sal,,age the
mission.

• The first manned crew deployed the parasol which brought the OWq
internal temperatures down.

• On the 13th mission day, beam 1 and its sohtr array were deployed to

provide adequate power for normal mL_ion.

• The crew succeeded in reactivating a malfunctio_,'_g battery, pro_ dang

additional power. (This was accomplished by what, ,g it with a hammer
during EVA.)

• The first crew performed a variety of repairs ap ,,s on experitneats, such
as disi_ssembly and repair of the S019 (UV stellar ,_ )my) mir-,,r gexr drive

mechanism; replacing M074 (specimen mass measure,, nt) el_',::_ron'cspackage;

clearing jammed film platte on S183 (ultraviolet pa,noram,,): mant:a! : 9"_ . t
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1974 stuck S054 (X-ray spectographic telescope) door; camera/magazine changeout
for S082 (extreme ultraviolet spectograph/spectxoheliograph); clearing particle

January
contamination from S052 (white light coronograph) occulting disc.

• The second manned crew installcd a larger thermal canopy over the

parasol which provided long-duration thermal protection.
• A complex package of six anciliary rate gyros was installed and provided

the needed control and backup control for pointing the Skylab.
• The second crew pressurized and flushed the condensate lines and replaced

the discharge assembly, thus allowing normal use of the waste water management
system.

• Detailed inspection and checkout of the primary and secondary airlock

module coolant loops to determine internal and external leakage were performed,
and the information relayed to ground for analysis.

• The second crew also corrected significant experiment and support system

problems, such as jettisoning T027 (Apollo telescope mount contamination
measurement) to clear scientific airlock; replacing video tape recorder and tele-

printer head; removing ATM door ramps to improve door closing and opening
operations; repairing Mark I exerciser; correcting S019 (ultraviolet stellar astron-
omy) articulating mirror malfunction; checking out and restoring lighting control;
replacing defective TV monitor and TV power cable; replacing and analyzing
causes for malfunctioning tape recorders; correcting seal problem on M092
(inflight lower body negative prexsure); hooking up the sensor down-link data
cable assembly of the Earth resources experiment package for ground data
diagnosis.

• The third manned crew successfully replaced the malfunctioning ATM
TV monitor in the control and display panel; this restored the display redundancy
critical for effective ATM _olar pointing.

• _rhc deplete.d primary AM coolant loop was reserviced using the coolanol
servicing kit resupplied on SL-4, thus ensuring continued thermal control of a
critical internal Skylab system.

• An automatic timer and cable was launched on SL-4 and installed by the
crew on the ATM control and display console to correct erratic exposure oper-

ation resulting in loss of S082 experiment data.

• During SL--4 EVA 1, the crew performed troubleshooting, and inspection
of the inoperative $193 (microwave radiometer/scatterometer radar and altimeter)
antenna and then locked the antenna in a position to permit continued operation
of the experiment.

• The crew installed replacement units and provided an operational TV
system to replace the system which failed on SL-3.

• The "noisy" multispectral scanner hardware was corrected by replacing a
modified attenuator and the sensitivity of the unit was improved by installing
a modified detector/coder/dewar assembly.

• Successful crew investigation and rerouting of dumpline into the waste
tank eliminated venting disturbances.

• Other experiment and support system repairs performed by the third crew
included installation of liquid crystal thermometers for rate gyro 6-pack assem-
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PART III: SKYLAB DEVELOPMENT AND OPERATIONS

bly; replacement of S009 (nuclear emulsion) drive assembly; pinning of H-alpha 1974

door; S019 (ultraviolet stellar astronomy) mirror replacement; S190B (Earth Jonu._
terrain camera) clock replacement.

Attachment to letter, William C. Schneider, NASA Hq, to Leland F. Belew, MSFC,
Kenneth S. Kleinknecht and P. J. Weitz, JSC, "AIAA Skylab Session," 21 January
1974.

Although the probability was remote that the Apollo-Soyuz Test Project mission 2s

would not be flown, it was necessary that an alternate mission plan be considered.

Minimum effort and funds would be expended in the planning and preparation
of an alternate mission.

Letter, C. M. Lee, NASA Hq, to JSC and MSFC, "ASTP Alternate Mission Revisit

to Skylab," 25 January 1974.

Skylab 4 was undocked from the OWS at 6:28 a.m. EDT. A flyaround inspec- F.b,_,q

tion of the OWS was made following undocking. Because of a suspected 8
propellant leak on command module reaction control system 2, reentry was made

using only system 1. The command module landed in the Pacific Ocean 289 km

_uthwest of San Diego at 11:16:54 a.m. EDT, for a flight duration of 84 days
1 hour 15 minutes 31 seconds. The crew and the command module were taken

aboard the recovery ship U.S.S. New Orleans approxinmtely 40 minutes after
lav,_ing.

With the third-visit landing, the Skylab mission w_s concluded. The total flight
time for the three visits was 4117 hours 14 minutes 24 seconds, during which the

nine crewmen accrued a tot,,I of 12 351 hours 43 minutes 12 seconds of flight
time.

JSC, Skylab Mission Report Third Visit, JSC-08963, July 1974, p. 2-3; R. V. Gordon,
JSC PAO, "Skylab 4 Events," February 1974.

KSC w,xs directed to discontinue plans for the Skylab rescue capability and to 8

move the rescue vehicle (SA--209 and CSM-119) back to the Vehicle Assembly

Building. Upon completion of this action, Headquarters responsibility for the

SA-209 and CSM-119 would be transferred to the Program Director of the
Apollo-Soyuz Test Program.

TWX, Director, Skylab Program to KSC, MSFC, and JSC, "Skylab Rescue Vehicle,"

8 February 1974.

Following the successful completion of the Skylab Program, a series of news con- 8-22

ferences was conducted at the Skylab News Center, JSC.

Skylab 4 Post-Recovery Briefing, 8 February 1974; Skylab Review, 21 February 1974;

Skylab 4 Post-Flight Crew Conference, 22 February 1974.
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At left the Skylab 4 crew performs housekeeping duties. Astronaut William R. Pogue

holds onto the crew quarters roof and prepares to jump onto the airlock hatch

cover to force a trash bag farther down into the airlock that leads to the Orbital

Workshop waste disposal tank. Astronaut Gerald P. Clarr assists by holding two

more trash bags as a third bag floats past. Top right is a closeup view of the

Orbital Workshop from the command and service module as the crew made its

final flyaround maneuver, The image of the space station contrasts sharply with

the darkness of space, Above right is a final view of the space station _ S_ylab 4

pulls away, heading for its landing in the Pacific Ocean on 12 February 1974 and

ending the successful Skylab program. This photo shows the twln-poie solar
shield erected by the Skylab 3 crew.

1974 All primary mission objectives of Skylab 4 were reported accomplished. The

r_b_,rt specific mission objectives were to

9 (1) Perform unmanned Orbital Workshop operations.
• Obtain data for evaluating the performance of the unmanned OWS.
• Obtain solar astronomy data by unmanned Apollo telescope mount

observatiom.

(2) Reactivate the OWS in Earth orbit.
• Operate the orbital assembly (OWS plus command and service module)

as a habitable space structure for a period of 56 days, with the option of
extending to 84 days after the third-visit launch.

• Obtain data for evaluating the performance of the orbital assembly.
• Obtain data for evaluating crew mobility and work capability in both

intravehicular and extravehicular activity.

346



PART HI: SKYLAB DEVELOPMENT AND OPERATIONS

(3) Obtain medical data on the crew for use in extending the duration o| 1974

manned space flights, r_b_o,_
• Obtain medical data for determining the effects on the crew which

result from a nominal space fight duration of 56 days, with the option of
extending to 84 days.

• Obtain medical data for determining if a subsequent manned space
flight mission of greater duration than the duration of the Skylab third
manned visit is feasible and advisable.

(4) Perform inflight experiments.

• Obtain Apollo telescope mount solar astronomy data for continuing
and extending solar studies beyond the limits of Earth-based observations.

• Obtain Earth resources data for continuing and extending multisensor
observation of the Earth from the low-Earth orbit.

• Perform the assigned scientific, engineering, technology, and Depart-
ment of Defense experiments.

• Obtain Comet Kohoutek data for continuing and extending studies of
comets beyond the limits of Earth-based observations.

Although not a primary mission objective, a requirement to obtain documentary
motion picture Fhotography of scenes to present the human story of Skylab was
considered to be of paramount importance. Approximately 95 percent of the
desired crew activity scenes were filmed.

The planned requirements were not only met, but were exceeded for almost all
experiments. Also noteworthy were the large number of candidate experiments
that were performed.

There were 70 telecasts during the third visit. Premission planning for this visit
made provisior_sfor the development of telecast requirements which would be
timely and would not be a repeat of subjects covered during the earlier two visits.
This planning included three flight-data-file "TV Numbers" which were for
television on a variety of subjects. These numbers were TV-77, general purpose
intravehicular activity telecast; TV-78, Earth surface features; and TV-81
optional crew day-off activities.

The following conclusions were based on Skylab 4 activities.

(1) Crew refresherexercises in spacecraft operational modes and procedures
were needed during long missions.

(2) Free and open discussionsbetween the crew and the ground were neces-
sary for the expeditious resolutionof sensitiveissues. When one party felt that the

other was at fault, the existence of a routine private communications loop, less
restricted use of existing capabilit;es for special private conferences, or less reluc-
tance on the part of the crew and the ground to use the open communications
loop to critically discuss sensitive subjects would expedite the _lution of problems.
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1974 JSC, Skylab Mission Report Third Visit, JSC-08963, July 1974, pp. 13--1, 13-2, and
17-1.

February

21 MSFC published a summary of Skylab operations:

The Skylab space station was launched May 14, 1973, from the NASA Kennedy

Space Center by a huge Saturn V launch vchicle, the Moon rocket of the Apollo
Space Program. Sixty-three seconds after lift.off the meteoroid shield--designed
also to shade Skylab's workshop--deployed inadvertently. It was torn from the
space station by atmospheric drag. This event and its effects started a ten-day
period in which Skylab was beset with problems that had to be conquered before
the space station would be safe and habitable for the three manned periods of
its planned eight-month mission.

When the meteoroid shield ripped loose it disturbed the mounting of workshop
solar array "wing" two and caused it to partially deploy. The exhaust plume of
the second stage retro-rockets impacted the partially deployed solar array and
literally blew it into space. Also, a strap of debris from the meteoroid shield over-
lapped solar array "wing" number one such that when the programmed deploy-
ment signal occurred, wing number one was held in a slightly opened position
where it was able to generate virtually no power.

In the meantime, the space station had achieved a near-circular orbit at the
desired altitude of 435 kilometers .... All other major functions including payload
shroud jettison, deployment of the Apollo Telescope Mount (Skylab's solar ob-
servatory) and its solar arrays, and pressurization of the space station occurred as
planned.

Scientists, engineers, astronauts and management personnel at the NASA Marshall

Space Fhght Center and elsewhere worked throughout the first ten-day period of
Skylab's flight to devise the means for its rescue. Simuhaneously, Skylab--seriously
overheating--was maneuvered through varying nose-up attitudes that would

best maintain an acceptable 'holding' condition. During that ten-day period and
for some time thereafter, the space station operated on less than half of its designed
electrical system which, in the partially nose-up attitudes, was generating power
at reduced efficiency. The optimum condition that maimained the most favorable
balance between Skylab temperatures and its power generation capability occurred
at approximately 50 degrees nose-up.

Skylab's achievements are a summary of the accomp'ishments of many ground-
based persons as well as its three separate crews who were launched in Apollo-type
command modules by Saturn IB vehicles on May 25, July 28 and November 16,
1973. In Skylab, both the man-hours in space and the man.hours spent in per-
formance of extravehicular activities (EVA) under zero-gravity -onditions ex-
ceeded the combined totals of all the world's previous space flights.

By deploying the parasol-type sun shield through Skyiab's solar scientific airlock
and later releasing workshop solar array wing number one during EVA, the first
crew made the remainder of the mission possible. The second crew, also during
EVA, erected another sun shield, a twin.pole device.

The effectiveness of 8kylab crews exceeded expectations, especially in their ability
to perform complex repair tasks. They demonstrated excellent mobility, both in.
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ternal and external to the space station, showing man to be a positive asset in 1974

conducting research from space. By selecting and photographing targets of oppor-

t,uity on the Sun, and by evaluating weather conditions on Earth and recommend- February

ing Earth Resources opportuoities, crewmen were instrumental in attain;ng

extremely high quality solar and Earth oriented data.

All three crews demonstrated the.;r technical skills for scientific, operational and

maintenance functions. Their manual control of the space station, their fine pointing

of experiments and their reasoning and judgments throughout the manned periods

were highly effective.

The capability to conduct longer manned missions was co-elusively demonstrated

in Skylab, first by the crew returning from the 28 day mission and, more force-

fully, by the good health and physical condition of the second and third Skylab

crews, who stayed in weightless space for 59 and 84 days respectively. Also, re-

supply of space vehicles was attempted for the first time in Sl,:ylab and was proven
to be effective.

During their time in space all three crews exceeded the operational and experi-

mental requirements placed upon them by the pre-mission flight plan and schedule.

In addition, the third crew performed a number of sightings of Comet Kohnutek

which were not initially scheduled.

Prior to departure, the third crew gathered samples of hardware, food an( other

general items which they placed in a bag and left in the Multiple Dock;n_ Adapter.

In the event of a Skylab revisit, the bag will be retrieved to determine the effects on

the samples of long term storage in the space environment.

Following the final manned phase of the Skylab mission, ground controllers

performed some eng,.'aeering tests of certain Skylah s, stems-- test3 that ground
personnel were reluctant to do while men were aboard. Results from these tests

will help to determine causes of failures during the mission and to obtain data on

long term degradation of space systems.

Upon completion of the engineering tests, Skylab 'as positioned iu_o a stable

attitude and systems were shut down.

It is expected that Skylab will remain in orbit about eight years before ent_ ring

the atmosphere and burning up.

MSFC PAO, "Skylab Operations Summary," 21 February 1974.

A group of five documents was prepared by NASA Hq.. JSC, KSC, and M$FC. as
These "lessons learned" documents reflected the experience gained in the Skylab

Program. They were intended for use by personnel in other programs who were

familiar with the disciplines cov.'red. The "lessons learned" documents are

subjective and represent individual opinions; therefore, they Mould not be

considered as official NASA policies or statements of NASA positions.

Letter, William C. Schneider, NASA Hq, to MSFC, JSC, and KSC, "i_ortword for

Lessons Learned Documents," 25 February 1974.
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1974 Following completion of the Skylab Program, NASA Hq was reorganized. The

M.rch primary objectives of the reorganization were to consolidate under one senior line
official--the Associate Administrator--the planning and direction of the Agency's

s research and development plans; and to consolidate under one .senior line official--

the Associate Administrator for Center Operations---the overall planning and

direction of Center operations.

NASA Hq Special Announcement, "NASA Reorganization and Key Personnel Ap-

pointments," 5 March 1974.

Julr A jsc reportsummarized Comet Kohoutek's relationship to Skylab operations:

Dua.9 Comet Kohoutek was discovered on 7 March 1973, three months before thethe

Mo.th launch of Skylab. Preliminary feasibility studies indicated that there was insuffi.-

cient time to send a suitably instrumented spacecraft to observe and study the

comet at close iange. However) other manned and w,manned observations were

planned, with the most significant to occur during the third visit to the orbiting
Skylab. Unique scientific data were obtained by the third-visit crew, helping to

make Kohoutek the most comprehensively studied comet in history.

Because of the flexibility and adaptability of the manned program, changes were

made in the plans for the third visit to Skylab to take additional equipment and

film for ultrax i_)let and visible light photography. Imagery data were obtained
with the extreme u;traviolet electronographic camera experiment (S201K) using

special film, and a synoptic history of the comet was made with a series of visible

light photographs in the Kohoutek photometric photography experiment ($233K).

Existing Apollo telescope mount experiments such ,xs white light coronagraph
(S052), X-ray spectographic telescope (S054), and extreme ultraviolet and X-ray

telescopes (S056) were used to obtain white light photographs and data in the
ultraviolet and X-ray spectra.

Man was not only an invaluable scientific observer studying a comet for '_e first
time from outside the Earth's atmosphere, he was required as a necessaD, link in

the chain of experiment operations. The Skylab crew sketched the form of the
comet and described various colorations, characteristics, and light intensities.

Some of the preliminary findings were

• A sunward spike was discovered that was formed of relatively heavy

particles released earlier from the comet.

• The tail was observed to be extremely long as the comet passed around the

Sun, and water vapo_ within the ta;l was identified. An increase in the intensity
of violet color in the tail was described as the comet went away from the Sun.

As data from the third-visit crew's unique observations and measurements were

analyzed and correlated with data from unmanned probes and ground observa-

tories, scientific knowledge of th _omposition and behavior of comets would be *i
increased substantially.

!
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Vice President Gerald R. Ford pre°,ented the Collier Trophy Award for 1973 to Sky-
lab Program Director William C. Schneider on 4 June 1974 in Washington.

JSC, Sk'dabMission ReportSupplement3, J5C-08963, "Flight Crew Contributions 1974
to the_ylab Mission,"july 1974.

July

JSC reported the Skylab program had fulfilled all prograra objectives. The per- oue_
formance of the crews and their ability to correct system problems permitted the th,MonH_
program to continue, allowed the extended period third visit, and resulted ".ma
bonus of information returned. The following conclusions were either related to

the Skylab program objectives or had a general application.

Advancement oI the Sciences

Objective: To increase knowledge of medicine, astronomy, Earth meteorology,

physics, and other fields, including the effects of space and solar-system phenom-
ena on the Earth environment.

(1) The methods and techniques employed in the daily flight planning

provided the flexibility to react to major departures from preflight plans and con-
straints. This ability was an important factor in optimizing the scientific return.

(2) There were no operationally significant physical or psychological health

problems associated with the space vehicle environment for the 84-day visit.

ORIGINALPAGE I_
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1974 Findings showed that longer duration visits would be unconstrained. However,

July longer mix,ions would require periodic medical monitoring.
(3) The food and sleep requirements on a long-duration minion were essen-

tially the _me as they were on Earth. However, the maintenance of an estab-

lished level of physical conditioning required more pro_ammed exercise.

(4) Long-duration flight with sophisticated multidiscipline experiments gen-

erated large amounts of data which required ground data handling and processing

capabilities.

(5) The Skylab Program demonstrated the advantage of scientist astronauts

in providing effective data discrimination and optimization.

(6) Complex scientific experiments should be designed for automatic se-

quencing to .allow a more effective utilization of the scientist astronaut's time for

making additional data observations, performing analyses, and applying scientific
evaluation.

Practical Applications

Objective: To perfect sensing and data systems for use in agriculture, forestry,

oceanography, geography, geology, water and land management, communica-

tions, ecology and pollution-control applications, and to develop zero-g mant.fac-

turing techniques.

(1) The practical application ,lspects of the Skylab pro_am would require
many months of data evahmtion. There were no immediate results which would

support the accomplishment for this objective. Howevt_r, the data were of good
quality, and preliminary evaluations indicated that practical applications would

be po._ible in a number of the objective areas. One set of examples suggests flint

a mineral deposit has been identified near El)', Nevada--that existing data can be

used for an inventory of vegetation patterns: that the Puerto Rican trench depres-

sion is about 20 m below the mean sea level; and that pollution h,xs been identified

off the coast of Puerto Rico. Another pair of examples from the visual observa-

tions experinaent indicated that new data on red phmkton bloom occurrence

might be of aid to biologist,s and that repetitive observations and photographs of

snow accumulation and melting phenomenon would be useful in the study of
snow as a water resource.

(2) The succe,_sof the visual observations experiment indicated the usefulness

of a well-designed visual observations facility.

Durability o] Man and Systems in Space

Objective: To determine the ability of man, materials, and systems to maintain

their qualifies and capabilities during a long period of weightlessness.

(1) The Skylab Program demonstrated that man could perform major

assembly and repair tasks in the zero-g environment. Extravehicular crewmen

could perform any task that could be accomplished in a one-g suited environment,

: provided that he w_ furnished with adequate tools, restraints, and training. The
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design of spacecraft could take full advantage of man's capability to modify and 1974
repair. The ability of the crew to correct systems difficultiesby actions such as July
deployment of the Workshop solar array, deployment ef the parasol and sunshield,
replacement of the rate gyro package, reservicingthe coolanol loop, and repairing
the teleprinter allowed the Skylab Program to exceed the original expectations.

(2) The Skylab Program reconfirmed that the timeline should indicate a
relaxed activity at the beginning of the mission to allow the crew to become
acclimated to the zero-g environment.

Spaceflight Effectiveness and Economy

Objective: To improve spaceflight technology in order to develop long-duration
mission capability for future programs.

(1) The habitability provisions were satisfactory and contributed to the
ability of the crew to work effectively for visits of these durations, and no factors
were identified to preclude longer duration missions.

(2) The skills learned in underwater training were almost identical to the
skills used in actual performance of tasks during an EVA, and, if instructions
were adequate, a crewman would be able to perform extravehicular tasks for
which he had not specifically trained. Tasks were somewhat easier to perform in
zero-g than in underwater training.

(3) Ordinary handtools could be used effectively in place of special tools in
the zero-g environment when making repairs and adjustments.

(4) Skylab revisits provided the opportunity to correct hardware problems,
restructureobjectives, and revise,replaceable commodities based on actual experi-
ence from the first two mannings.

(5) Regularly scheduled meetings of individuals involved in experiments
planning who were managed by the program scientistswere effective in optimizing
.,ciencedata return. Additionally, the Skylab flight planning system allowed day-
by-day planning with the flexibility to make adjustments to tal-e advantage of
special opportunities noted by the crew and ground personnel.

(6) Direct communication during the visits between the crew and some of
the experimenters proved to be a useful capability. However, the limited air-to-
ground coverageand the need to devote most of this time to operational subjects
left little time for scientificdiscussions.

General

A number of noteworthy program conclusions that were not directly applicable to
program objectives were

(1) Extensive training is required for a productive visual observations pro-
gram. The crew must be trained, premi._sion,to recognize selected areas on the
ground and to discriminate important features within the areas. This requires
that adequate maps and charts be provided for orientation in flight. In addition,
severalpassesover a selected site are required for the attainment of complete data.
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1974 (2) All work areas within a spacecraft .should be provided with a suitably

designed work station, with minimal considerations being adequate restraint

July (triangular grid floor or otherwise), workbench (where required), stowage pro-
visions, writing provisions, and an orientation scheme that is indigenous to the
local work area.

(3) Relocatable handholds should be provided to allow the crew to tailor

work and maneuvering areas in order to optimize inflight activities.

(4) To optimize time utilization, data station design required automatic

recording of a number of parameters which had been reported by crews in

previous programs. Examples were pointing position of experiment hardware,

frame count of recording instruments, f-stop position, shutter speed, magazine or

cassette being used, lens identification, and filter identification.
(5) Planning should allow for crew judgment in order to obtain data over

Earth sites that may be obscured by cloud cover.

(6) A shopping list would provide crews with a selection of activities to
utilize when not constrained by the timeline.

(7) The existence of a dedicated communications loop for the program
scientist would have been a significant asset.

(8) Underwater simulations and training were not required for intravehic-

ular tasks unless a crewman was to be operating in a pressure suit.

JSC, Skylab Mission Report Third Visit, JSC--08963, July 1974, pp. 17-1 through
17-5.

NASA Administrator James C.
Fletcher, left, explains the
formation of the indium-anti-

! monide crystal manufactured
in space in Skylab's nmlti-

purpose furnace to President
Gerald R. Ford at the White
House on 4 November 1974.
At the President's left is

Howard W. Johnson, Chair-
may of the Massachusetts In-

stitute of Technology.

A_gust The American Astronautical Society and the University of Southern California's

Institute of Safety and System Management hosted a symposium on the definitive20-22
results of the entire Skylab Program. Among the subjects covered were the

program's evolution, accomplishments, and application to future NASA pro-

gr,,ms; design and test philo_phy; payload integration; living and working in

space; Skylab management; crew views of Skylab; flight operations; Skylab to

Shutde (lessons learned); student science program; launch operations and Skylab

technology; and science demonstrations.
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Brochure from the American Astronautical Society on the Skylab Results, undated; 1974

papers on the subiect matter listed above.

A conference was held by the American Institute of Astronautics and Aeronautics ooot_r _o--

"" and the American Geophysical Union at MSFC. A series of papers on Skylab November I
scientific experiments was presented.

Letter, Marion I. Kent, MSFC, to Ivan Ertel, Historical Services and Consultants Co.j
4 November 1974.
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APPENDIX 1--GLOSSARY OF

ABBREVIATIONS AND ACRONYMS

AAP Apollo Applicatiom Program
AAPO Apollo Applications Program Office
AES Apollo Extension System
ALEM Apollo Lunar Exploration Mi_on
AM airlock module

ATM Apollo telescope mount
BeV Billion electron volts
BTU British thermal unit

°C degreesCclcius(centigrade)
cc cubic centimeter(s)
CM command module
cm centimeter
CSM command andservicemodules

cum cubicmeter(s)

DOD DepartmentofDefense
EREP Earthresourcesexperimentspackage
ERTS EarthResourcesTechnologySatellite
EVA extravehicularactivity
°F degreesFahrenheit
fps foot (feet) per second
g gram; gravity
gal gallon
GSFC GoddardSpaceFlightCenter "
HF highfrequency
hr,hrs hour,hours

HSCC HistoricalServicesandConsultantsCompany
in inch(es)
IU instrument unit

JPL Jet Propulsion Laboratory
JSC Johnson Space Center
kg kilogram(s)
km kilometer(s)
KSC KennedySpaceCenter
LaRC Langley ResearchCenter lavXl' [' ._

LC Launch Complex f_t_ pj_f£F., r..g.A|_g ,,.v ,.'-_$-
t!

LEM lunarexcursionmodule "I
LM lunarmodule

m meter(s)
Mc megac,,cles

MDA multiple docking adapter ORIGINAL PAGE Ib
MeV million electron volts OF POOR QUAJ,J'rZ
MHz megahertz (million cycles per second)
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mi mile(s)
mill minute(s)
nun millimeter(s)

too, mos month, months
MOL Manned Orbiting Laboratory
MORL Manned Orbital Research Laboratory
mph miles per hour
MSC Manned Spacecraft Center (later JSC, Johnson Space Center)
MSFC Marshall Space Flight Center
MW megawatt(s)
NASA National Aeronautics and Space Administration
nm nautical mile(s)
OMSF Office of Manned Space Flight
OSSA Office of Space Sciences and Applications
OWS Orbital Workshop
psf pounds per square foot
psi pounds per square inch
psia pounds per square inch absolute
RF radio frequency
sec second(s)
SEB Source Evaluation Board

SL Skylab
SLA spacecraft lunar module adapter
SM servicemodule

SSESM spent-stageexperimentalsupportmodule
V volt(s)
VHF veryhigh frequency
W watt(s)
wk week

yd yard
yr year
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APPENDIX 3--SKYLAB EXPERIMENTS

The Skylab Program, as the name implies, wa_ designed to conduct exp,',:-nents from. a
laboratory in space. The experiments were categorized as solar physics, Earth resources, life.
sciences, material science, the Skylab student project and other experiments. While final data
analysis on some of the experiments will require a hum w.'r of years to accomplish, the prelim-
inary results indicate that the Skylab Program has been man's most successful adventure in
space to date. Some of the spec'2,c r_s_lts obtained for each of the groups listed above follow.

In the area of solar physic3, it ;;-as discovered that Sun flares occurred more often than
expected and that the mechani3rhs at work in the different flares could vary significantly in
nature. Mysterious bright spots were dis,'overed; as many as 1500 emerged on the Sun each
day with an average lifetime of eight hours. Receutly discovered coronal holes were found to
be persistent for several solar rotations and were a major source of solar wind. Solar observa-

tion will enhance future weather forecasting. The amount a_d quality of the Apol!o telescope
mount coronal data exceeded the total corona OhSCLV_tionssince the beginning of civilization
and indicated that the notion of homogenous corona is a fiction.

In the Earth resources experiments, an important mineral deposit in Nevada, geothermal
sites in the southwestern United States, and a previously unknown Live, in South America
wei e identified. Several area_ of citrus fruit fly infestation on the Mexican side of the Rio Grande
were also identified. The use of Earth resources pxogram imagery for inve_tory of vegetation
patterns, regional planning and land use in urbarJzed areas, and city census updating was
demonstrated. Also demonstrated was the use of remote sensing for snow mapping, sea state
determination, and ocean current charting. In addition, tbe Earth resources experiments exam-
ined the growth and terminat'on of hurricanes using information gathered for Ava, Christine,
and Delia.

For the experiments conducted in the category of l_fe sciences, based on preliminary anal-
yses of data, findings indicated that man has demonstrated his ability to adjust to space environ-
went md to perform useful and valuable work in space. There was evidence t_,at space affected
some physiological processes, particu!arly the cardiovascular system. To cnnnteracc this, _pace
crews were advised to maintain adequate physiological reserve by ensuring that they perfo:med
adequate amounts of exercise, obtained sufficient sleep, and maintained a regular schedule of
eating. While individuals varied, there seemed to be a general physiological, ineb_ding cardio-
vascular system, adaptation to space ove_ a period of time. Apparently during the first few
days in space, the crewmen became extremely resistant to the effect, of motion and maintained
this state as long as they remained in space. There was also evidence that fluid and plasma
volume changes leveled off in time and during recocery after the flights.

In the field of materia! science, 54 experiment cartridges comprising 18 experiment _ets
were processed in the multipurpose electric furnace. These sets are in ,e process of beivg anal-
yzed. Three specimen discs ;.a the metals-melting experiment and four brazed-tube spec_., ens
ix, the exother_,fic heating experiment were successfully processed in space. They, too, are
being analyzed. Preliminary findings showed a higher quality and uniformity "2x_he metal
specimens which were melted by the electron bean: gun. In general, the crystals grown were
higher in quality, and ia some c _s,_sunique crystal gzowth phenomena occurred. We!zting in
space of aluminum alloy, stainless steel, and pure tantalum presented no probler_, ('he ability
to braze tubes and sleeve joints whose gaps exceeded those required on Earth for a g_,od braze
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band was successfully demonstrated. Large, perfect, single crystals of indium-antimonide were
grown to a perfection not attainable on Earth. The production techno!ogy acqu'red from this
experiment may now be applied to other semiconductors. Larger, more perfect crystals should
drastically widen the use of the semiconductor in many applications. One large, single crystal
of germanium selenide was growp, which was more than a one order of magnitude increase in
size over Earth-grown crystals.

Data were obtained for all of the 19 Skyl,nb student project experiments that were selected
for flight. The data were poor or marginal in three cases; however, it is expected that several of
the experiments will have significant scientific value.

Among the findings obtaSned from the category designated "other experiments" were the
following. The crew activity/maintenance study showed that the full range of human dexterity
can be taken advantage of in designing hardware and tasks for future space programs. Crew
comments on the habitability/crew quarters experiment indicated that the Orbital Workshop

design was satisfactory. No significant contamination was found on the sample array exposed
from the antisolar airlock for 46 hours. However, significant contamination was found on the
thermal control samples that were continuously exposed during the first mission. Ultraviolet
stellar astronomy experiments obtained scientific data on hot star. in two-thirds of the Milky
Via_ region. Scientjfic observations were made of Comet Kohoutek with 11 different sensors
or telescopes, covering spectral ranges down to the X-ray region. Color pictures of significant
_cientific value of the aurora and airglow were obtained by ultraviolet airglow horizon photog-

raphy. Astronauts were able to observe and photograph barium clouds released by rocket
launchings.

In the remaining pages of this appendix the individual experiments; their purpose; the
Principal Investigators; and, where known, the results of the experiments are shown•

Geographic separation of major MSFC Skylab contractors demand.'d accurately
documented interface definitions.
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Coordinating the diverse Skylab Principal Investigators' experiment requirements
was a major integration challenge.

MEDICAL EXPERIMENTS

M 071 Minera_Balance

Object:" .efine and quantitatively assess body gains and losses of biochemical constit-
uents, particularly water, calcium, and nitrogen.

Principal Investigator---G. D. Whedon, National Institutes of Health, Bethesda, Maryland

Coinvestigator--L. Lutwak, Veterans Administration Hospital, Sepulveda, California

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Significant losses of nitrogen and phosphorus occurred, associated with observed
reduction in muscle tissue. Both mineral and muscle losses occurred despite vigorous
exercise regimes in flight. Conclusion was that, unless protective measures can be de-
veloped, capable musculoskeletal function is likely to be impaired in space flights of
one and one-half to three years duration, for example, to Mars.

M 073 Bio-Assay of Body Fluids

Objective: Assess the effect of space flight on endoc,'ine-metabolie functions including
fluid and electrolyte control mecbanisms.

Principal Investigator--C. S. Leach, NASA-JSC

Principal Coordinating Scientist--P. C. Rambaut, NASA-JSC
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Flight Assignment--SL-1/2, SL--3, SL-_

Results: Significant biochemical changes were observed which varied in magnitude and

direction but which disappeared shortly after return t_ Earth. In areas cov.cerncd with

the metabolism of bone mineral, protein, and ,-arbohydrates unstable states appeared

to persist, and it was unclear in which form the ultimate sequelae of these changes would
manifest themselves after flights of much longer duration.

31 07,1 Specimen Mass Measurement

Objective: Demonstrate the feasibility of mass measurement without gravity.

Principal Investigator--W. E. Thornton, NASA-JSC

Coinvestigator--J. W. Ord, USAF Medical Corps, Clark AFB, Philippine Islands

Hardware Contractor--Southwest Research Institute, San Antonio, Texas

Flight Assignment--Sl-l,'2, SL-3, SL-4

Results: A new instrument for inflight space operations and research was demonstrated;

previous unproven mechanisms of weight losses under weightlessness were demonstrated;

and it was proven that the human body, properly fed, could sustain long duratiol_ mis-

sions without significant obligatory mass loss.

M 078 Bone Mineral Measurement

Objective: Determine the occurrence of bone mineral changes due to weightlessness.

Principal Invcstigator--J. M. Vogel, University of California School of Medicine, Davis,
California

Coinvestigator--M. W. Whittle, NASA-JSC

Hardware Contractor--U.S. Public Health Service, San Francisco, Qalifornia

Flight Assignment_SL-1/2, SL-3, SL-4

Results: It was concluded that mineral losses occurred from the bones of the lower extremi-

ties during missions of up to 84 days. In general, they followed the loss patterns observed

in a heterogeneous group of bed-rested subjects.

M 092 Lower Body .Ne_ati_,ePressure

Objective: Evaluate space flight cardiovascular deconditioning and establish tbe time

course of any changes.

Principal Investigator--R. L. Johnson, NASA-JSC

Coinvestigato_]. W. Ord, USAF Medical Corps, Clark AFB, Philippine Islands

Hardware Contractors--MSFC; Martin Marietta Aerospace Corp., Denve_

Flight Assignment--SL-I/2, SL-3, SL-4

Results: Veetorcardiograms taken on all crewmen during the Skylab flights showed several

consistent changes apparently related to space flight. Principal among the changes were
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temporal intervals, vector magnitudes and their orientations, and certain derived param-
eters, presumably resulting trom altered autonomic neutral inputs upon the myocardial
conduction system or major fluid shifts known to have occurred in flight.

All observed m_asurements were well within accepted limits of normal and were con-
sidered to represent adaptative phenomena r,..aer than pathological conditions.

M 09.3 Vectorcardiogram

Objective: Measure electrocardiographic potentials during weightlessness and the imme-
diate postflight period to obtain precise measurements of the changes that occur.

Principal Investigator--N. W. Allebach, U.S. Naval Aerospace Medical Institute, Pema-
cola, Florida

Coinvestigator--R. F. Smith, School of Medicine, Vanderbilt University, Nashville,
Tennessee

Hardware Contractors--MSFC; Martin Marietta'Aerospace Corp., Denver

Flight Assignment--SL-1/2, SL-3, SL-4

Results: No adverse electrocardiographic changes, with the exception of arrhythmias,
were observed in the Skylab crews that could be attributed to long exposure to a weight-
less environment or to the other stresses of extended space flight. There was no evidence
of myocardial ischemia or changes in the electrocardiogram that would suggest vaso-
regulatory abnormalities. The vectorcardiographic techniques utilized in the experiment
added both accuracy and precision to the data acquisition and facihtated both scientifit.
investigation and monitoring for crew safety.

M 111 CytogeneticStudiesoJ Blood

Objective: Determine pre- and postflight chromosome aberration frequencies in the pe-
ripheral blood leukocytes of the Skylab crew members and provide in-vivo radiation
dosimetry.

Principal Investigator--L. H. Lockhart, University of Texas Medical Branch, Galveston,
Texas

Coinvestigator---P. C. Gooch, Brown & Root-Northrop, Houston, Texas

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Data did not seem to indicate that the external st urges of radiation to which the

crews had been exposed in orbit resulted in any aberration increase.

M 172 Man's Immunity In-vitro Aspects

Objective: Assay changes in humr.ral and cellular immunity as reflected by the concen-
trations of plasma and blood cell proteins, blastoid transformations, and synthesis of
ribonucleic (RNA) and desoxy-.ribonucleic acids (DNA) by the lymphocytes.

Principal Investigator---S. E. Ritzmann, University _f Texas Medical Branch, Galveston,
Texas
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Coinvestigator--W. C. Levin, University of Texas Medical Branch, Galveston, Texas

Contractors--MSFC; McDonnell Douglas Astronautics Co., Eastern Division, St. Louis

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Changes noted, in general in the preliminary evaluation, were minor and were
not expected to be of any clinical significance.

M 713Blood Volumeand Red Cell Life Span

Objective: To determine the effect of orbital missions on the plasma volume and the red
blood cell populations, particularly changes in red ceil mass, red cell destruction rate,
red cell life span, and red cell production rate.

Principal Inve.,tigator--P. C. Johnson, Jr., Baylor University College of Medicine, Houston,
Texas

Contractors--MSFC; McDonnell Douglas Astronautics Co., Eastern Division, St. Louis

Flight Assignment--SL-1/2, SL-3, SL--4

t Results: The Skylab data, taken in its totality with previous flight data, confirm that a
decrease in red ceil mass is a constant occurrence in space flight. After the initial loss,

there is at least a 30-day delay before the red cell mass begins to reconstitute itsel.:.

M 114Red Blood Cell MetaboZism

Objective: Determine if any metabolic or membrane changes occur in the human red
Llood cell as a result of exposure to the space flight environment.

Principal Investigator--C. E. Mengel, University of Missouri School of Medicine, Colum-
bia, Missouri

Contractors--MSFC; McDonnell Douglas Astronautics Co., Eastern Division, St. Louis

Flight Assignment--SL-1/2, SL-3, SL-4

Results: It was concluded that there were no evidences of lipid peroxidation, that the bio-
chemical effect known to be associated with irreversible red cell damage and the changes
obsewed in glycolytic intermediates and enzymes cannot be directly implicated as indi-
cating rco cell damage from exposure to the space flight environm,_nt.

M 115SpecialHematologic Effects

Objective: Examine critical physiochemical blood parameters relative to the mainte-
nance of a stable equilibrium between certain blood elements and evaluate the effects
of space flight on these parameters.

Principal Investigator--& L. Kimzey, NASA-JSC

Coinvestigator--C. L. Fischer, Eisenhower Memor_.al Hospital, Palm Springs, California

Contraetorc--MSFC; McDonnell Douglas Astronautics Co., Eastern Division, St. Louis

Flight Assignment_SL-I/2, SL-3, SL-4
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Results: Until questions about the specific cause and impact of the red-ceU shape change
on cell survival in-vivo have been resolved, individuals with diagnosed hematologic
abnormalities should not be considered as prime candidates for missions, especially
long-duration missions.

M 131 Human VestibularFunction

Objective: Evaluate the requirement for an artificial gravitational force for space flight
and compare vestibular response in space with preflight baseline data.

Principal Investigator--A. Graybiel, Naval Aerospace Medical Research Laboratories,
Pensacola, Florida

Coinvestigators--E. Miller, Naval Aerospace Medical Research Laboratories, Pensacola,
Florida, and J. L. Homick, JSC

Hardware Contractor--MSFC

Flight Assignment--SL-1/2, SL-3

Results: Prevention of motion sickness in any stressful environment involves selection,
adaptation, and the use of drugs. There is a lack of laboratory tests to predict accurately
susceptibility to motion sickness in weightlessness. Susceptibility to motion sickness in
the weighth _sphase of parabolic flight is promising but has not been validated.

M 133Sleep Monitoring

Objective: Fvaluate quantity and quality of sleep during prolonged space flight.

Principal Investigator|. D. Frost, Jr., Baylor School of Medicine, Houston, Texas

CoinvestigatorsaW. H. Shumate, JSC; C. R. Booher, JSC; J. G. Salamy, Technology,
Inc., Houston, Texas

Hardware Contractors--MSFC; Martin Marietta Aerospace Corp., Denver

Flight Ass"_gnment--SL-1/2, SL-3, SL-4

Results: The experiments indicated that man was able to obtain at least adequate sleep
over prolonged periods of time in space and during regularly scheduled eight-hour
sleep periods. The most notable changes in the sleep patterns occurred in the postflight
period, perhaps suggesting that readaptation to one-g is somewhat more disruptive to
sleep than the adaptation to zero-g.

M 151 Time and Motion Study

Objective: Evalaate the relative consistency between ground-based and inflight task per-
formance as conducted by astronauts and as measured by time and motion determina-
tions.

Principal Investigator--J. F. Kubis, Fordham University, Bronx, New York

Coinvestigator--E. J. McLaughlin, NASA-OMSF
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Hardware Contractor--MSFC

Flight AssignmentNSL-1/2, SL-3, SL-4

Results: Inflight task performance was relatively equivalent among the three Skylab crews. :'
Behavioral performance continued to improve from beginnir.g to end of all Skylab
missions. Performance adaptation was very rapid. There was no evidence of perform-

ante deterioration that could be attributed to the effects of long-duration exposure to :i
the Skylab environment, i

M 17I Metabolic Activity

!Objective: Evaluate man's metabolic effectiveness in space.

Principal Investigator--E. L. Michel, NASA-JSC

Coinvesfigator--J. A. Rummel, NASA-JSC

Hardware Cona'actor---MSFC

Flight AssignmentmSL-1/2, SL-3, SL-4

Results: From experiment results, it was hypothesized that inflight exercise had a bene-

ficial effect not only in the maintenance of a normal inflight response to e:¢ercise and
well-being but also in reducing the period of time required for readaptation post flight.
However, this hypothesis would have to be evaluated by proper experimentation.

M 172Body Mass Measurement

Objective: Validation of a mass measuring device large enough to contain a man. ,|

Principal Investigator--W. E. Thornton, NASA-JSC

Coinvestigator--J. W. Ord, USAF Medical Corps, Clark AFB, Philippine Islands

Hardware Contractors--MSFC; Southwest Research Institute, San Antonio, Texas

Flight Assignment--SL-1/2, SL-3, SL-4

Results: See results of M074 Specimen M,_s Measurement.

GeneralSummationof Skylab Biomedical Experience

• Biomedical results show that man can adapt and function effectively in weightless en-
vironment for extended periods. 1

• Daily inflight personal-exercise regime coupled with appropriate dietary intake and !
adequate sleep, work, and recreation periods are essential for maintaining crew health and _:_
well-being.

• No untoward physiological changes were noted that would preclude'longer duration
manned space flights; however, further research is required to understand the mechanisms
responsible for many observed changes.

• Remedial or preventive measures may be required for mission durat'ons in excess of 9
to 12 months, e.g., bone demineralization countermeasures.
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• Ideally, further observations of man in Earth orbit for an uninterrupted period of six
months should precede a Mars-type mission.

BIOLOGY EXPERIMENTS

S 015 Zero-g Single Human Cells

Objective: Study the influence of zero gravity on living human cells and tissue cultures.

Principal Investigator---P. O'B. Montgomery, Dallas County Hospital District, Dallas,
Texas

Coinvestigators--J. Paul, Dallas County Hospital District, Dallas. Texas; P. Kruse, Jr.,
Noble Foundation; and L. Hayflick, Stanford University, Palo Alto, California

Hardware Contractors--JSC; Dallas County HosDital, Dallas, Texas

Flight Assignment- -SL-3

Results: Minor unexplained differences were found in biochemical constituents of the
used flight and control media. These changes were apparently not significant. Within
the limits of the experimental design, zero-g environment produced no detectable effects
on Wistar-38 human embryonic lung cells in tissue culture.

S 071 (Passive) CircadianRhythmuPocket Mice

Objective: Study the stability of the circadian rhythm of a mammalian system under
conditions of space flight.

Principa' Investigator--R. C. Lindberg, Northrop CorD., Hawthorne, California"

Hardware Contractors--JSC; Northrop Corp., Electronics Division, Norwocat, Massa-
chusetts

Flight AssignmentuSL-3

Results: The experiment was not successful because _f equipment failure, wt-.:ch prevented
the acquisition of telemetry data.

S 072 (Passive) CircadianRhythm--Vinegar Gnat

C_bjective: Examine the phenomenon of temperature compensation in the circadian rhythm
of an insect.

Principal Investigator--C. £ittendrigh, Stanford University, Palo Alto, California

Hardware Contraetors--JSC; Northrop Corp., Electronics Division, Norwood_ Massa-
chusetts

Flight AssignmentmSL-3

Results: Tke experiment failed becavse of equipment failure similar to that of S 071, which
prevented the acquisition of telemetry data.
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STUDENT EXPERIMENTS :;

ED 11 AtmosphericAbsorptionof Iieat

Objective: Determine the attenuation of visible and near infrared radiant energy through
the Earth's atmosphere at various locations and under varying atmospheric conditions, i

Principal Investigator--J. B. Zrnolek, 12th Grade, Lourdes High School, Oshkosh, Wis-

consin ii!
Science Advisors--D. R. Norris, NASA-JSC; E. E. Comer, NASA-MSFC _I

Flight Assignment--SL-1/2

Results: Data are being analyzed in preparation for a final report. 1

ED 12 VolcanicStudy i

Objective: Perform infrared surveys from Skylab of volcanoes to support data from ground "1
instrumentation, gathered to e_tablish a methodology for predicting volcanic activity.

Principal lnvestigator--T. A. Crites, 9th Grade, Ken_ Junior High School, Kern, Wash- !

ington i
Science Advisors--D. L. Amsbury, NASA-JSC; E. E. Comer, NASA-MSFC _

Flight AssignmentmSL-1/2

Results: Results have not yet been reported. !

ED 21 Libration Clouds ii

Objective: Photograph the two libratio,a clouds on the Moon's orbit at the Lagrangian
Points, L4 and Ls, of the Earth-Moon system (points within the Earth-Moon system at
which particles experience zero force).

Principal I_,vestigator--A. Hopfield, 9th Grade, Princeton Day School, Princeton, New
Jersey

Science Advisors--J. T. Humphreys, NASA-MSFC; R. M. MacQueen, High Altitude
Observatory, National Center for Atmospheric Research, Boulder, Colorado

Flight Assignment--SL-3

Results: No definite results are available.

ED 22 Objects Within Mercury's Orbit

Objective: Photograph objects (Vulcan hoped for) within the orbit of the planet Mercury.

Principal Investigator--D. C. Bochsler, 9th Grade, Silverton Union High School, Silver-
ton, Oregon

Science Advlsors_J. T. Humphreys, NASA MSFC; R. M. MacQueen, High Alt:tude
:-'_.servatury, National Center for Atmospheric Research, Boulder, Colorado
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Flight Assignment--SL-1/2

Results: No new objects have been identified between Mercury and the Sun.

ED 23 Ultravioletfrom Quasars

Objective: Obtain spectra from quasars in the ultraviolet region.

Principal Investigator--j. C. Hamilton, 1l th Grade, Aiea High School, Aiea, Hawaii

Science Advisors--K. G. Henize, NASA-JSC; J. T. Humphreys, NASA-MSFC

Flight Assignment--SL-1/2

Results: Data from this experiment are still being analyzed.

EL) 2d X-Ray Stellar Classes

Objective: Determine the general characteristics and location of celestial X-ray sources.

Principal Investigator--J. W. Reihs, 1lth Grade, Tara High School, Baton Rouge, Louisi-
ana

Science Advisors--J. T. Humphreys, NASA-MSC; M. Zombeck, American SOence and
Engineering, Inc., Cambridge, Massachusetts

Flight Assignment--SL-4

Results: No data available on this experiment, l_esults, when known, will be on solar
X-ray data, an alternative to this experiment.

_D 25 X-Rays from Jupiter

Objective: Detect X-rays from Jupiter and search for a correlatiGn of the X-ray emission
with both solar activity and jovian decametric radio emission.

Principal Investigator--J. L. Leventhal, l lth Grade, Berkeley High School, Berkeley,
California

Science Aavisors--j. T Humphreys, NASA-MSFC; M. Zombeck, American Science and
Engineering, hie., Cambridge, Massachusetts

Flight A.;signment--SL-3

Results: Target observations were unobtainable on both the Skylab 3 and Skylab 4 missions.

ED 26 Ultravioletfrom Pulsars

Objective: Study and photograph pulsars in the ultraviolet wavelengths.

Principal lnvestigator--N. W. Shannon, 11th Grade, Dekalb High School, Atlanta, Georgia

Science Advisors--K. G. rlenize, NASA-JSC; J. T. Humphreys, NASA-MSFC

Flight A;signlnentmSL-1/2

Results: Spectral photographs are being studied, but no conelasions have been reached at
this time.
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ED 31 Bacteriaand @ores

Objective: Obseree under controlled conditions the survival, growth, and mutations of
bacterial spores in the Skylab environment.

Principal Invesdgator--R. L. Staehle, l lth Grade, Harley School, Rochester, New York

Science Advisors---G. R. Taylor, NASA-JSC; S. B. Hall, NASA-MSFC

Hardware Contractor--MSFC (in house)

Flight Assignment--SL-1/2

Results: Bacterial growth showed definite changes in behavior in the Skylab environment.
Study continues to determine whether the changes are environmental or genetic.

ED 32 In-vitro Immunology

Objective: Determine the effects of zero-g on these representative life processes: Part A,
Chemotaxis; Part B, Antigenicity.

Principal Investigator---T. A. Meister, 12th Grade, Brou_: High School of Science, Jackson
Heights, New York

Science Advisors--S. L. Kimzey, NASA-JSC; R. E. Allen, NASA-MSFC

Hardware Contractor--MSFC (in house)

Flight Assignment--SL-3

Results: Analyses and comparison with the ground control samples showed that results
were consistent.

ED 41 Motor-,_ensoryPerformance

Objective: Measure changes in motor-sensory performance resulting from prolcnged space
flight and compare Skylab performance data with existing baseline data ano those ob-
tained during pre- and postflight analysis.

Principal Investigator---K. L. Jackson, l lth Grade, Clear Creek High School, Houston,
Texas

Science Advisors--W. E. Feddersen, NASA-JSC; R. E. Allen, NASA-MSFC

Hardware Contractor--MSFC (in house)

Flight Assigpment--SI.,- 4

Results: A final report on this experiment has not been completed.

ED 52 Web Formation

Objective: Observe the web-building process and detail.ed structure of the web of the
common cross spider (Araneus Diadematus) in both a normal environment and the
Skyiab envivonmerit.

Principal Investigatnr--J. S. Miles, llth Grade, Lexington High School, Lexington,
Massachusetts
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Science Adviscrs--J. B. MacLeod, NASA-JSC; R. L. Gause, NASA-MSFC

Hardware Co,tractor--MSFC (in house)

Flight Assignment--SL-3

Results: Although the final report has not been completed at this time, initial study veri-
fies that spiders use a gravity sensing organism to size the thread used in spinning a web.

ED 67 Plant Growth

Objective: Observe and record differences in root and stem growth and orientation of
radish seeds that were germinated in the Skylab environment compared with seeds
germinated and developed in a normal environment.

Principal Investigator--J. G. Wordekemper, 9th Grade, Central Catholic High School, i

West Point, Nebraska i

Science Adv:.so_--C. H. Walkinshaw, NASA-JSC; L. A. Gross, NASA-JSC it

Hardware Contractor---MSFC (in house)

Flight AssignmentwSL-4

Results: Analysis is continuing preparatory to preparing a final report.

El) 62 Plant Phototropi._

Objective: Assess whether or not phototropism can serve as a substitute for geotropism
for radish seeds ger,.qinated and developed in the Skylab environment.

Principal Investigator--D. W. Schlaek, llth Grade, Downey High School, Downey,
California

Science AdvisorsmC. H. Wa!kinshaw, NASA-jSC; L, A. Gross, NASA-JSC

Hardware Contractor--MSFC (in house)

Flight Assignment--SL-4

Results: A final report is in the proee, s of being written.

El) 63 CytoplasmicStreaming

Objective: Observe the effects of zero-g o_, cytoplasmic streaming in plants.

Principal Investigator--C. A. Peltz, 10th Grade, Arapahoe High School, Litdeton, Colo-
rado

Science Advisors--C. H. Walkinshaw, N,_.SA-JSC; C. A. Cothran, NASA-MSFC

Hardware Contractor---MSFC (in house)

Flight Assignment_SL-3

Results: Elodea plants used in this experiment did not survive. The hypothesxs advanced
in the final report is that :his may have been caused by the plants' waste products and
lack of carbon dioxide du_ to circulation problems in the agar.
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ED 72 Capillary Stu,_

Objective: Demonstrate capillary tubes and capillary wicks in the Skylab environment.

Principal Investigator---R. (3. Johnston, 12th Grade, Alexander Ramsey High School,
St. Paul, Minnesota

Science Advisorsmj. B. MacLeod, NASA-JSC; R. L. Gause, NASA-MSFC

Flight Assignment--SL-4

Results: Fluid loss occurred, which threatened the experiment. However, film data and
sketches of the experiment are still being studied.

EL) 74 Mass Measurement

Objective: Demonstrate the methods of mass measurement utilized on baseline Skylab
systems.

Principal Investigator--V. W. Converse, 12th Grade, Harlem High School, Rockford,
Illinois

Science Advisors---J. B. MaeLeod, NASA-JSC; R. R. Head, NASA-MSFC

Flight Assignment--SL-3

Results: An excellent film demonstration of mass measurement in zero-g was obtained.
Results correlated well with the theoretical data.

ED 76 Neutron Analysis

Objective: Measure the ambient neutron flux in the Orbital Workshop and attempt to
identify the contribution from each of three sources: Earth-albedo neutrons, solar neu-
trons, and cosmic ray secor,dary neutrons.

Principal Investigator--T, C. Quist, 12tb Grade, Thomas Jefferson High School, San
Antonio, Texas

Science Advisors--D. E. Robbins, NASA-JSC; C. L. Peacock, NASA-JSC

Flight Assignment_SL-1/2, SL-3, SL-4

Results: Although the study is continuing, preliminary results indicate that ambient neu-
tron fluxes may be significantly high,.r than previously predicted.

ED 78 Liquid Motion in Zero Gravity

Objective: Observe the motion of a gas bubble m a fluid excited by a simple mechanical
system of calibrated drivi,g force of simpie frequency.

Principal Investigator--W. B. Dunlap, 10th Grade, Austintown Fitch High School, Youngs-
: town, Ohio

Science Advisors--J. B. MacLeod, N,:SA-JSC; R. R. Head, NASA-MSFC

Results: An expe;iment hardware failure neg,_ted this experiment.
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CREW OPERATIONS EXPERIMEATS

M 487 Habitability Quarters 1

IObjective: Evaluate the features of the Skylab living quarters, provisions, and support
facilities that affect tile crew's comfort, safety, and operational effectiveness.

Principal Investigator--C. C. Johnson, Jr., NASA-JSC

Hardware Contractor--McDonnell Douglas Astronautics Co., St. Louk*

Fl;ght AssignmentwSL - ! ./2, SL-3, SL-4

Results: Habitability requirements for spacecraft, except in the areas of mobility and
restraim, ar_ similar to those on Earth.

M 509 Astronaut Maneuvering£_:ui/,ment

Objective: Evaluate, with a "test bed" maneuvering urit, the utility of several astronaut
maneuvering techniques that differ in the degr_=eof man-machine integration.

Principal Investigator--C. E. Whitsett, Jr., USAF Space and Missiles System Office, Los
Angeles, California

Coinvestigators--B. MeCandless II, and D. C. Sehultz, NASA-JSC

Hardware Contraetor_--Martin Marietta Corp., Denver

Flight Assignment--SL-1/2, SL-3, SL-4

Result:: The operation of the astrol,aut maneuvering unit was considered successful.

M 515 Crew Activities Study

Objective: Evaluate man-machine relations by gathering data concerning the crew's
capability to perform work in the zere-g environment throughout long-duration missions..

Prin_.ipal Investigator---R. L. Bond, NASA-JSC

Flight Assignment--SL-I/2, SL-3, SL-4

Resu!ts: Man can conduct inflight maintenance tasks as effectively in orbit as on Eart,

if given the proper tools, restraints, accessibility, and proee_l,ares.

T 073 Crew/V,:hide DisturbancJ

Objective: Measure the effects of various crew motions on the d) namies of manned space-
craft, specifically the torques, forces, and vehicle motions pr,0duced by the astronauts'
body motions.

Principal Investigator--B. A. Conway, LaRC

Hardware Contractor--Martin Marietta Corp., Denver 13:, ,...ion

Flight Assignment--SL-5, SL-4
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Results: Results indicate that crew motion disturbances in a manned spacecraft can pro-

vide appreciable inputs to the spacecraft attitude-control system.

T 020 Foot-Controlled Maneuvering Unit

Objective: Provide information pertaining to the design and use of astronaut maneuvering

systems by conducting inflight and ground-based evaluations of an unstabilized experi-
mental device.

Principal Investigator--D. E. Hewes, LaRC

Hardware Contractor--Martin Marietta Corp., Denver Division

Fligbt Assignme.nt--SI ,-3, SL-4

Results: Preliminary results indicate that hands-free operation and other design features of

the foot-controlled maneuvering unit are feasible for incorporation into a future system.

ATM SOLAR EXPERIMENTS

S 052 White Light Coronagraph

Objective: The solar coronagraph views the corona out to 3 million miles (six solar radii)

in visible light. Measure polarization, shape, and intensity of the solar corona by photo-

graphs taken at rates up to one every 13 seconds.

Principal Investigator--R. M. MacQueen, High Altitude Observatory, Boulder, Colorado

Coinvestigator--E. Hildner, National Center for Atmospheric Research, Boulder, Colo-
rado

Hardware Contractor--High Altitude Laboratory with subcontractor Ball Brothers Re-
search C'orp., Boulder, Colorado

Flight Assignment--SL-1/2, SL-3, SL-4

Results: The Skylab coronagraph obtained observations comparable to the best ground-

based eclipse observation at least daily fox" eight and one-half months with few gaps.
During this period, coronal evaluation on time scales including months, weeks, days,

hours, and even minutes were observed. The most rapid change in coronal form, called

coronal transients, occurred at an unexpectedly high frequency of one every few days.

Diversity of behavior of coronal transients was noted.

S 05d X-Ray Spectrographic Telescope

Okjective: Obtain time development of X-ray producing events (flares and active regions)
in the various X-ray wavelengths.

Principal Investigator_R. Giacconi, American Science and Engineering, Inc., Cambridge,

Massachusetts
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Hardware Contractor--American Science and Engineering, Inc., Cambridge, Massa-
chusetts

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Good resolution of the coronal X-ray structure was obtained. Data are still being
analyzed.

S 055 Ultraviolet Spectrometer

Objective: Observe temporal changes in the extreme ultraviolet radiation emitted by
several types of solar regions.

Principal Investigator--E. M. Reeves, Harvard College Observatory, Cambridge, Massa-
chusetts

Hardware Contractor--Harvard College Observatory, Cambridge, Massachusett3

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Some data have been reduced to photographic form. Clear_ detailed loops of
ionized particles streaming away from the Sun's surface more than 41 000 km into

space have been obtained. Some details of structure, composition, and active processes
revealed in the ultraviolet photographs were the first seen by man. Data reduction and
analyses are continuing.

S 056 Dual X-Ra_ Telescope

Objectives: Take X-ray photographs in six bands from 6-33/_; observe the total X-ray
emission of the Sun in the wavelength region from 2.5-20/_ in 10 channels.

Principal Investigator--J. E. Milligan, NASA-MSFC

Coinvestigator--R. X. Meyer, The Aerospace Corp., El Segundo, California

Hardware Contractors--GSFC; MSFC

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Data obtained from the experiment have been analyzed based on the assumption

that the magnetic fields in the chromosphere and lower corona were force-free. Although
the data analyzed are consistent with the force-free field model, a more extensive anal-

ysis of the available data is required to definitely establish the nature of the X-ray
arches obtained in the experiment observations.

S 082 Ultraviolet Spectrograph�Heliograph

Objective: Photograph the Sun in selected ultraviolet wavelengths.

Principal Investigator_R. Tousey, Naval Research Laboratory, Washington

Hardware Contractor--Naval Research Laboratory with subcontractor Ball Brothers

Research Corp., Boulder, Colorado

Flight Assignrnent_SL-1/2, SL-3, SL-4
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Results:Structuralpatternsin thcchromosphere,coronaholes,and activeregionsof
largcflareswerephotographed.Linespectraon and offthesolardiscand acrossthe
limbwererccordcd,and an imagcofthefullsolardiscwas obscrved.Data studiesare
continuing.

EARTH RESOURCES EXPERIMENTS

S 190A Multispectral PhotographicFacility

Objective: Evaluate high-quality, repetitive multispectral photography from space for
detailed _nalysis in the Earth-resources disciplines.

Principal Investigator--K. J. Demel, NASA-JSC

Hardware Contractor--ITEK Corp., Lexington, Massachusetts

Flight Assignment--SL-1/2, SL-3, SL-4

Results: The multispectral photographic facility performance was satisfactory.

S 190B Earth Terrain Camera

Objective: Obtain high-resolution data of small areas to aid interpretation of data gathered
by EREP remote sensors.

Principal Investigator--K. J. Demel, NASA-JSC

Hardware Contractors--Actron Industries, Inc., Monrovia, California; North American
Rockwell, El Segundo, California

Flight Assignment--SL-1/2, SL-3, SL-4

Results: The Earth terrain camera performed very well. The photography obtained is
being used in conjunction with experiment S 190A data and other sensor outputs to
perform land-use inventories, including studies of soil erosion, timberline location, snow
extent and water equivalency, plankton production, fishing productivity, and African
drought areas.

S 191Infrared Spectrometer

Objective: Produce multispectral imagery of visible solar and thermal infrared spectra to
assess Earth surface composition and condition.

Principal Investigator--T. L. Barnett, NASA-JSC

Hardware Contractors--Block Engineering Co., Inc., Cambridge, Massachusetts, for IR
Sensor; Martin Marietta Aerospace Group, Denver_ for Viewfinder/Tracking System

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Data obtained by this experiment are being used to evaluate the dynamics of
upper air flow and to improve stratospheric structure models that might prove useful
for weather forecasting.
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S 792 Multispectral Scanner

Objective: Evaluate quantitatively the applicability of spectral data for Earth resources
sensing.

Principal Investigator--C. L. Korb, NASA-JSC

Hardware Contractor---Honeywell Radiation Center, Boston, Massachusetts

Flight Assignment--SL-1/2, SL-3, SL-4 _

Results: Skylab S 192 data provide a useful tool lor synoptic appraisal of land-water cover
types and environmental analysis.

S 193 Microwave Radiometer/Scatterometer,Altimeter

Objective: To simultaneously measure radar differential backscattering cross section and
passive microwave emissivity of land and sea on a global scale.

Principal Investigator--D. Evans, NASA-JSC

Hardware Contractor---General Electric Co., Philadelphia, Pennsylvania ._

Flight Assigmnent--SL-1/2, SL-3, SL-4

Results: Data from this experiment are being used for studies of means and methods to i
improve remote sensing teclmiques. Studies of storm systems and the dynamics of the
upper air flow are being made to improve weather forecasting. Sea-state studies, wind-
field studies, and determination of sea surface brightness temperatures are being con-
ducted, l)uLing *he last manned Skylab mission an around-the-world altimeter data

pass was made to provide previously unavailable data on the Earth.
i

S I9,t L-Band Radiometer _.
J

Objective: Measure thermal radiation in the microwave (L-band) range.

Principal Investigator---D. Evans, NASA-JSC

Hardware Contractor---Airborne Instruments Laboratory Division, Cutler-Hammer, Inc.'
Deer Park, Long Island, New York

Flight Assignment_SL- 1/2

Results: Data fi'om this experiment are being used for analysis of snow fields to improve
radiation models and energy transfer processes. Data collected over the western United
States are being used to determine soil and snowpack moisture content for use in crop
planning and predicting the effects of snow meh.

SCIENTIFIC EXPERIMENTS

S 009 Nuclear Emulsion

Objective: Study charge spectrum of primary cosmic rays with emphasis on heavy nuclei.

Principal Investigator'----M, M. Shapiro, Naval Research Laboratory, Washington
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Hardware Contractor--Naval Research Laboratory, Washington

Flight Assignment--SL-1/2

Results: The experiment operated normally for approximately the first two-thirds of the
visit, after which the detector package would not move to the closed position. However,
by improvisation, the experiment was continued.

S 019 UltravioletStellar Astronomy

Objectives: Obtain a large number of stellar spectra down to 1400 angstroms (UV spectra
beyond limits of ground-based instruments). Obtain spectra of early-type stars and
photographs of Milky Way fields.

Principal Investigator--K. G. Henize, NASA-JSC, and Northwestern University, Evan-
ston, Illinois

Hardware ContractorqNorthwestern University, Evanston, Illinois

Flight Assignment--SL-1/2

Results: A preliminary review of this experiment film indicated that the spectra quality
was good and fully recoverable by spectrophotometry but that some film fogging had
occurred. Computer programs for quantitative data reduction were in the final stages
of development.

SOLAR PHYSICS EXPERIMENTS

S 020 UltravioletX-Ray Solar Photography

Objective: Photograph extreme UV and X-ray emissions of the Sun in the 10- to 200-
angstrom wavelengths.

Principal Investigator--R. Tousey, Naval Research Laboratory, Washington

Hardware Contractor---Naval Research Laboratory, Washington

Flight Assignment--SL-1/2, SL-3, SL-4

Results: The experiment was originally planned to be carried out from the solar scientific
airlock; however, because of the parasol deployment, experiment operations were per-
formed during EVA. Revised functional objectives were successfully completed and one
of the major original objectives, spectra of a solar flare, was also obtained.

S 063 Ultraviolet Airglow Horizon Photography

Objective: Photograph the twilight airglow and Earth's ozone layer simultaneously in
the visible and ultraviolet wavelengths.

Principal Investigator--D. M. Packer, Naval Research Laboratory, Washington

Hardware Contractor---Martin Marietta Corp., Denver
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Flight Assignment_SL-1/2, SL-3, SL-4

Results: A preliminary visual review of the film indicated some large variations in image
quality, although color photography appeared to be very good. Experiment success
would require some film processing enhancements and microdensitometry.

S 073 Gegenschein/ZodiacalLight

Objective: Measure the surface brightness and polarization of the night glow over a large
portion of the celestial sphere in the visible light spectrum and determine the extent and
nature of the spacecraft corona during daylight.

Principal Investigator--J. L. Weinberg, Dudley Observatory, Albany, New York

Hardware Contractor---Dudley Observatory, Albany, New York

Flight Assignment_SL-1/2, SL-3, SL-4

Results: The experiment performed normally, except for one instance in which shaft and
trunnion positioning control was lost (Skylvb 2).

S 749 Particle Collection

Objective: Determine the mass distributio_ of micrometeorites in near-Earth space.

Principal Investigator---C. L. Hemenway, Dudley Observatory, Albany, New York

Hardware Contractor--Dudley Observatory, Albany, New York

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Full study and calibration of the S 149 materials will take a number of years, but
initial results show promise of determih.ng accurately the near-Earth population of
cosmic dust particles over a wide mass range.

S 750 GalacticX-Ray Mapping

Objective: Survey a portion of celestial sphere for galactic X-ray sources in the 0.2 KeV
to 10 KeV energy range.

Principal Investigator---W. L. Kraushaar, University of Wisconsin, Madison, Wisconsin

Hardware Contractor--University of Wisconsin, Madison, Wisconsin

Flight Assignment_SL-4

Results: The experiment collected X-ray data for only 110 minutes before the experiment
high voltage switched off because of low gas pressure in the X-ray sensor. The planned
operating time was 265 minutes.

S 183 Ultraviolet Panorama

Objective: Obtain wide-field-of-view photographs of individual stars and extended star
fields in the ultraviolet range.

Principal Investigator---G. Courtes, Laboratoire d'Astronomie Spatiale du CRNS, Mar-
seille, France

386

, ii i i i nil I | III

1978008581-395



APPENDI_

Hardware Contractor--French Government

Flight Assignment--SL-I/2

Results: The equipment malfunctioned once. However, after a new film cassette was
inserted, equipment operated properly.

S 228 Trans-Uranic CosmicRays

Objective: Provide detailed knowledge of relative abundance and energies of the nuclei
in cosmic radiation.

Principal Investigator--K. A. Anderson, University of California, Berkeley, California

Hardware Contractor---University of California, Berkeley, California

Flight Assignment_SL-1/2, SL--4

Results: Detector assemblies were deployed and retrieved by the SL-4 crew. Results are
being analyzed.

S 230 MagnetosphericParticle Composition

Objective: Measure fluxes and composition of precipitating magnetospheric ions and
trapped particles.

Principal Investigator---D. L. Lind, NASA-JSC

Coinvestigators_J. Geiss and W. Stettler, University of Bern, Bern, Switzerland

Hardware Contractor--Engineering Division, JSC

Flight Assignment_SL-3, SL-4

Results: Deposits similar to those on the D 024 samples were alse found on the S 230 sur-
faces, but the data were still usable for primary experiment objectives. Processing of
the preliminary data from the first two sets of toil sections indicated that the foils collected
precipitated magnetospheric particles as expected. The majority of the particles par-
ticipating in the aurora were identified to be of solar wind origin. Preliminary results
also showed no indications of interstellar gas atoms and revealed ;hat fluxes of epithermal
noble gas ions at low latitudes a,e very small.

TECHNOLOGY AND MATERIALS PROCESSING EXPERIMENTS

D 008 Radiation in SpacccraJt

Objectives: Advance active and passive dosimetry instrumentation. Test theoretical com-
puter codes. Accumulate detailed information of SC radiation environment as supple-
ment to NASA system.

Principal Investigatol'--A. D. Grimm, USAF Weapons Laboratory, Kirtland AFB, New
Mexico

Coinvestigator--j. F. Janni, USAF Weapons I,aboratory, Kirtland AFB, New Mexico
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Hardware Contractors---AVCO Electronics, Cincinnati, Ohio; Century Electronics and
Instruments, Inc., Tulsa, Oklahoma t

:ii
Flight Assignment--SL-1/2, SL-- 3, SL--4 :i#
Results: Doses to thi,'d-visit crewmen were greater than those to the previous crews be- ]

cause of the longer visit, longer duration of EVA, and a slight increase in dose rates as _,

the use of lood, water, and other expendables reduced overall radiation shielding of _J

habitation areas. However, all doses were less than 25 percent of the third-visit guide-

lines. ,I

D 024 Thermal Control Coatings (Airlock Module)

Objective: Expose selected thermal control coatings to space environment in order to

compare results with ground-based simulations and to determine mechanisms of deg-
radation caused by space radiation.

Principal Investigator--W. L. Lehn, Air Force Materials Laboratory, Wright-Patterson
AFB, Ohio

Coinvestigator--University of Dayton Research Institute, Dayton, Ohio

Hardware Contractors_Air Force Materials Laboratory, Wright-Patterson AFB, Ohio;

Goodyear Aerospace Corp., Akron, Ohio

Flight Assignment--SL-1/2, SL-3, SL-4

Results: Sample trays returned from the first two manned missions were so badly con-

taminated that a radiation degradation analysis could not be performed. Major ob-
jectives of the experiment were also affected by contamination of the samples returned

on the last mission. In future manned space flights contamination control must receive

special attention in order to prevent loss of valuable data.

M 415 Thermal Control Coatings (Instrument Unit)

Objective: Determine degradation effects of prelauneh, launch, and space environments

on absorptivity/emissivity characteristics of thermal control coatings.

Principal Investigator_E. C. McKannan, NASA-MSFC

Flight Assignment--SL-1/2

Results: Loss of the solar array system wing requires thermal design modifications to mini-

mize electrical power consumption. CSM temperatures were maintained within accept-
able limits.

M d79 gero.g Flammability

Objective: Determine extent of surface flame propagation, surface and bulk flame propa-

gation rates under zero convection, self-extinguishnmnt properties, and extinguishment

by vacuum and water spray.

Principal Investigator--J. H. Kimzey, NASA-JSC

Flight Assignment_SL-4
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Results: Data Oll toxicity, contamination, cleaning, timeline, and hardware performance
were provided.

M 572 Materials Processing Facility

Objective: Explore space manufacturing applications of molten phenomena, such as

molten metal flow, freezing patterns, thermal stirring, fusion across gaps, and surface

tension, by performing five experimental tasks and Experiment 479.

Principal Investigatox----P. G. Parks, NASA-MSFC

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment--SL-1/2, SL-3, SL-4

Results: The facility and the returned samples were identical to the training hardware

and samples. The welding went extremely well. The materials processing facility was
used to conduct experiments M 479, M 551, M 552, M 553, and M 555.

M 551 Metals Melting

Objectives: Study the behavior of molten metals in microgravity. Characterize the struc-

tures formed in metals melted and rapidly solidified in zero gravity. Test means of

joining metals by electron beam welding in zero gravity.

Principal Investigator--R. M. Poorman, NASA-MSFC

Flight Assignment--SL- 1/2

Results: Ground specimens contained large elongated grains and a wide chill zone. The

Skylab specimen contained more equiaxed fine grains and a more symmetr cal pattern

of grain structure. Tie liner grain structure observed in the space specimen was at-
tributed to constitutional supercooling, which resuhs when a solid freezes with a com-

position slightly different from that of the liquid from which it forms.

M 552 Exothermic Brazing

Objectives: Test and demonstrate a method of brazing components in space repair and

maintenance operations. Study surface wetting and capillary flow effects in weightless
molten metals.

Principal Investigator_J. R. Williams, NASA-MSFC

Hardware Contractor--Whittaker Corp., Los Angeles, California

Flight Assignment--SL-1/2

Results: In the same time and at the same temperature conditions, nickel dissolved more

rapidly in liquid silver-copper alloys in space than on l'arth. The experiment indicated

that this occurred not because the nickel was more soluble in space, but because the

speed of dissolution was greater. This suggests that saturated liquid metal solutions can
be more easily produced and true solubility more easily determined in space than on
Earth.
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M 553SphereFormin8

Objective:Demonstratethe effectsof zerogravityon fundamentalsolidificationphe-
nomena.

Principal Investigator---E. A. Hasemeyer, NASA-MSFC

Hardware Contractor--Arthur D. Little, Inc., Cambridge, Massachusetts

Flight Assignment_SL-!/2

Results: Gun problems resulted in the specimen being pear-shaped instead of spherical ._
following gun cutoff. "Incomplete melting occurred, and sometimes the spike would
retract and the sphere would stick on the ceramic. At about the same time the gun
problems were occurring, the time required to create a vacuum in the system seemed
tremendously long. Apparently, outgassing in the gun was causing the vacuum problem.

M 555 Gallium Arsenide Crystal Growth

Objective: Grow single crystals of gallium arsenide from solution in order to produce
material of exceptionally high chemical and crystalline perfection.

Principal Investigators_M. Rubenstein, Westinghouse Electric Corp., Pittsburgh, Penn-
sylvania; M. C. Davidson, NASA-MSFC

Flight Assignment_SL-1/2

Results: The experiment was successfully carried out. Knowledge of the role of gravity
in materials processing has made substantial progress.

M 518 MultipurposeFurnaceSystem

Objective: Enhance the capabilities of existing Skylab hardware by providing means to
perform experiments on solidification, crystal growth, and other processes involving

phase changes in materials, i

Principal [nvestigator_H. A. Ray, NASA-JSC 1

Hardware Contractor--Westinghouse Electric Corp., Pittsburgh, Pennsylvania

Flight Assignment_SL-4

Results: The furnace system performed well and no malfanetions were encountered.
Experiments M 556, M 557, M 558, M 559, M 560, M 561, M 562, M 563, M 564,
M 565, and M 566 were performed using the multipurpose electric furnace system or
the material processing facility. All samples processed in the furnace were returned to
Earth. Results from some of the processes were far superior to the results obtained on
Earth.

M 556 Vapor Growth of II_VI Compounds

Objective: Determine the degree of improvement that can be obtained in the perfection
and chemical homogeneity of crystals grown by chemical vapor transport under,weight-
less conditions in space.

390

I
1.q7F Nn .  l_qaa



APPENDIX 3

Principal Investigator--H. A. Wiedemeier, Rennselaer Polytechnical Institute, Troy, J
New York

tlardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment--SL-3, SL-4

Results: Mixed crystals of compound, semiconductor germanium selenide and germanium
telluride were grown by chemical transport through a temperature gradient in a trans-
port agent, iodine vapor, from polycrystalline sources of the two component materials.
The growth process was carried out in sealed quartz ampoules contained in the sample
cartridges. The experiment was considered a success.

M 557 Immiscible Alloy Compositions

Objective: Determine the effects of near zero-g on the processing of material composition s
that normally segregate on Earth.

Principal Investigator--J. L. Reger, TRW Systems Group, Redondo Beach, California

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment--SL-3, SL-4

Results: It was demonstrated *.hat a completely stable dispersion of the two immiscible
liquids, which were very unstable on Earth, can be prepared in space. Since the im-
portant parameters of immiscible liquids, such as viscosity and density differences, are
similar to those found for common liquid-metal immiscible systems, the metallic systems
should also be very stable in low gravity.

M 558 Radioactive Tracer Diffusion

Objective: Measure self-diffusion and impurity diffusion effects in liquid metals in space
flight, and characterize the disturbing effects, if any, due to spacecraft accelerations.

Principal Investigator--A. O. Ukanwa, Howard University, Washington

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment--SL-3

Results: A marked decrease in zinc 65 movement along the length of a cylinder of liquid
zinc in space was apparently caused by the absence of convective mixing. The radial
distribution observed in the Skylab samples also indicated that convective mixing was
negligible in space.

M 559 Microsegregationin Germanium

Objective: Determine the degree of mierosegregation of doping impurities in germanium
c_used by convectionless directional solidification under conditions of weightlessness.

Principal Investigator--F. A. Padovani, Texas Instruments, Inc., Dallas, Texas

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland
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Flight Assignment--SL 3 i

Resuhs: Space-grown crystals were compared with identical crystals resoliditied on Em'tb.

IVlicrosegre,,,ation in space is one-half to one-tiftil timt on Earth in tile bulk material, f

which implies a reduced diffusion or mass transport of the solute through the host ma- i
terial during solidification. 1

t

M 560 Growth of Spherical Co,stals
"!

Objective: Grow doped germanium crystals of high chemical homogeneity aad structural

perfection and study their resulting physical properties in comparison with theoretical
values for ideal crystals.

Principal Investigator--H. U. VV'alter, University of Alabama in Huntsville, Huntsville,
Alabama

Hardware Contractor--Westinghouse Electric Corp., Baltih.qre, Maryland

Flight Assignment--SL-3, SL-4

Results: Single crystals with extremely low density of defects were obtained. Even though

the crystals were small, very large crystals could be prepared by this approach. The

technique would seem to be ideal for processing of highly reactive and high nmhing
temperature materials. Since no mechanical feedthroughs are required, the technique

could be most readily adapted to high-pressme or encapsulated growth, i

M 561 Whisker-ReinJorced Composites

Objective: Produce void-free samples of silver or aluminum, reinforced with oriented j
silicon-carbide whiskers, i

i

Principal Investigator--T. Kawada, National Research Institute for Metals, Tokyo, Japan i

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland ]

Flight Assign:'nent--SL-3, SL-4 i

Results: The experiment produced void-free samples of silver, reinforced with oriented ]
silicon-carbide whiskers. Sintered rods of silver containing distributions of unidirec- :!

tionally oriented silicon-carbide whiskers, one micron in diameter by one millimeter ]
long, were melted in the furnace. Pressure was exerted to force voids from the melt and

promote wetting of the whiskers by the matrix material, i
i

M 062 Indium Antimonide Crystalr

Ohjective: Produce doped semiconductor crystals of high chemical homogeneity and ]
structural perfection and to evaluate the influence of weightlessness in attaining these

i
properties, i

Principal Investigator_H. 12:. Gatos, Massachusetts Institute of Technology, Cambridge,
Massachusetts t

Coinvestigator--A. F. Witt, Massachusetts Institute of Technology, Cambridge, Massa-
chusetts i
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H_rdware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment--SL-3, SL-4

Results: High-quality single crystals of indium antimonide, doped with tellerium, were

precision machined and etched to fit into heavy quartz arnpoules, sealed, a_..d enclosed

in metal cartridges. Half of each crystal (7.62 cm in length) was melted in the furnace
and regrown at the rate of 1.27 cm per hr using the unmelted half as seed.

M 563 Mixed HI--V Crystal Growth

Objective: Determine how weightlessness affects directional solidification of binary semi-

conductor alloys and, if single crystals are obtained, determine how their semiconducting
properties depend on alloy composition.

Principal Investigator--W. R. Wilcox, Scarer Science Center, University of Southern

California, Los Angeles, California

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment--SL-3, SL-4

Results: Alloys of indium antimonide and gallium antimonide in varying propo.tions

were placed ira separate, fused silica ampoules, encased in cartridges, melted in the fur-
nace, and directionally solidified at the slowest available rate.

M 564 Metal and Halide Eutectics

Objective: Produce highly continuous, controlled structures in samples of the fiberlike

NaF-NaCI and platelike Bi-Cd and Pb-Sn eutectics, and measure their physical prop-
erties.

Princip: _1Investigator--A. S. Yue, University of California, Los Angeles California

H. "av:are Contractor--Westinghouse Electric Corp., Baltimore, Marylar.d

Flight Assignment--SL-3

Results: The experiment produced controlled structures in sa:aples of £berlike, fluoride-

sodium chloride eutectic, and measured their physical properties. Three ingots of the
eutectic, 1.27 cm in diameter and 10.16 em long, were grown by inching the alloys and

tl.cn cooling them directionally at the slowest available rate.

M 565 Sih,er Grids Melted in Space

Objective: Determine how pore sizes and pore shapes change in grids of fine silver wires

when they are mehed and resoliditied in space.

Principal Investigamr--A. Deruytherre, Katholieke Universiteit, Heverlee, Belgium

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment_SL-3

Results: The action of diffusion and of the remaining convection due to the variations in
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the surface tensions appeared to be reduced in space from the rapid leveling of _oncen-
tration gradients on Earth experiments.

M 566 Copper-AluminumEutectic

Objectiv-: Determine the effects of weightlessness on the formation of lamellar structure
in eutectic alloys when directionally solidified.

Principal Investigator--E. A. Hasemeyer, NASA-MSFC

Hardware Contractor--Westinghouse Electric Corp., Baltimore, Maryland

Flight Assignment--SL-3, SL-4

Results: Three aluminum-copper alJoy rods 0.64 cm in diameter were partially melted
and directionally solidified.

T 003 Inflight AerosolAnalysis

Objective: Measure aerosol particle concentration and size distribution inside spacecraft
and assess adequacy of air distribution, circulation, and filtration.

Principal Investigator--W. Z. Leavitt, U.S. Department of Transportation (DOT), Cam-
bridge, Massachusetts

Hardware Contractors--DOT; Bendix Corp., Ann Arbor, Michigan

Flight Assignment_SL-I/2, SL-3, SL-4

Results: The equipment operated properly and data cards are being analyzed.

T 025 CoronagraphContaminationMeasurement

Objectives: Determine the presence of an induced particulate atmosphere surrounding
the orbital assembly. Measure changes in the atmosphere due to thruster firings, waste
dumps, and vehicle orientation.

Principal Investigator--J. M. Greenberg, Dudley Observatory, Albany, New York

Coinvestigator_G. P. Bonnet, NASA-JSC

Hardware Contractor---Martin Marietta Corp., Denver

Flight Assignment_SL-1/2, SL-3, SL-4

Results: All EVA for this experiment was satisfactory, except for ")no occasion when the
35-ram camera EVA viewfinder became loose.

T 027 A Till ContaminationMeasurement

Objective: Determine the change in optical properties of various surfaces due to con-
taminants near the spacecraft on a real-time basis plus postflight analysis. Measure sky
brightness background caused by solar illumination of contaminants.

Principal Investigator--J. ,_. Muscari, Martin Marietta Corp., Denver

Hardware Contractor--Martin Marietta Corp., Denver
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Flight Assignment--SL-1/2

Results: Valuable quantitative deposition information was supplied, which was used
daily for mission support and contamination prediction calculations. .i

i

COMET KOHOUTEK EXPERIMENT

Objective: Provide long-term viewing, near-perihelion _'iewing, astronaut response, and

payload optimization, allowing Kohoutek to be monitored in the ultraviolet and visible- _i

light ranges regardless of its angular separation from the Sun.

Project Scientist--W. C. Snoddy, MSFC

Experiment Integration Engineer--R. J. Barry, Bendix Corp., Burbank, California

Results: Preliminary results indicate that the experiment was highly successful.
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APPENDIX 4--EXTRAVEHICULAR
EXPERIMENT OPERATIONS

[From Johnson Space Center, Skylab Mission Report, Supplement 3,
Flight Crew Contributionsto the Skylab Mission, July 1974]

Experiment
Operations Performed Visit Remarks

Number Title

D024 Thermal Control Sample trays deployed and Second
Coatings retrieved, and

third

S020 X-Ray/Ultraviolet Instrument attached to Third Operated during extra-
Solar Apollo telescope mount vehicular activities
Photography truss, operated, and because of parasol

retrieved, in solar scientific
airlock.

$149 Particle Collection Experiment unit attached Second Solar-side exposures
to Apollo telescope mount and obtained by extra-
and cassettes exposed, third vehicular activity
Unit retrieved upon because of parasol
completion, in solar scientific

airlock.

$201 Extreme Ultra- Camera attached to Apollo Third Added to obtain data
and violet Electrono- telescope mount truss, on Comet Kohoutek

$201K graphic Camera operated, and retrieved, and other celestial
objects.

$228 Transuranic Detector assemblies de- Third

'Cosmic Rays ployed and retrieved.

S230 Magnetospheric Collector assemblies de- Second
Particle ployed and retrieved, and
Composition third

T025 Coronagraph Camera attached to Apollo Third Operated during extra-
and Contamination telescope mount truss, vehicular activity

T025K Measurement operated, and retrieved, because of parasol
in solar scientific
airlock.
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APPENDIX 5--EXPERIMENT REPAIR
AND MAINTENANCE

[FromJohnsonSpaceCenter,SkylabMissionReport,
Supplement3, FlightCrewContributionstotheSkylab Mission,July 1974]

Experiment Abnormal condition Corrective action

Unplanned Tasks

Apollo Telescope Mount

White I,ight Corona- Contamination on occulting Contamination brushed off
graph (S052) disc caused bright spots on disc during extravehicular

television monitor, activity.

X-Ray Spectographic Drive mechanism on aper- Door manually opened by
Telescope (S054) ture door failed, removing release pins during

extravehicular activity.

Filter wb.eel jammed be- Wheel moved to open position
tween two filter positions, during extravehicular activity.

Ultraviolet Scanning High-voltage tripoff caused Main high-voltage switch con-
Polychromator-Spectro- by oversensitivity of detector figured to override for
heliometer (S055A) to background radiation manned operation and to en-

levels, able unattended operations.

Aperture door-ramp latch Door-ramp latch removed
binding, during extravehicular activity.

Extreme Ultraviolet Aperture door-ramp latches Door pinned open during
Coronal Spectrohelio- binding, extravehicular activity.
graph (S082A)

Chromospheric Extreme Exposure timer operating Replacement timer installed.
Ultraviolet Spectro- erratically.
graph (S082B)

Cover on hydrogen-alpha 2 Cover pinned open during
telescope aperture operating extravehicular activity.
intermittently.

Image Scope Television Monitor inoperative. New television monitor sup-
Monitor (S082A/B) plied and installed successfully.
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E.q,erimcnt Repair and Maintenance--Continued

l"xperimcnt Abnormal condition Corrective action

Unplanned Tasks

Earth Resources Experiment
Package

Muhispectral Scanner Improperly seated cooler/; Reseated and realigned.
(S192) detector. Alignment readings increased

from 43 percent to 46 percent.

Incorrect prelaunch attenu- Special procedure uplinked
amr adjustments, and crew adjusted attenuator

in flight.

Detector did not provide de- Modified thermal detector
sired resolution of thermal supplied and installed. _
data. ,_

Microwave Radi- Electrical short caused Antenna pinned in zero-degree
, !ometer/Scanerometer erratic antenna motion, pitch position during extra- _

and Ahimeter (S193) vehicular activity, restoring
operation of antenna in roll
axis.

Biomedical

Sleep Monitoring Cap electrodes dried out. Rejuvenation kits used on
(M 133) second and third visits, i

Mark 1 Exerciser Mark 1 exerciser spring Spring replaced.
broke.

Specimen Mass Electronics module failed on Module replaced with dee-
Measurement Device wardroom specimen mass tronic module from waste
(MG74) measurement device, management compartment

i
unit. Spare electronic module

supplied and installed during i
next visit.

i

Corollary i
Nuclear Emulsion Motor failed, preventing Motor resupplied and
(S009) opening and closing of replaced.

detector package.
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APPENDIX 5

Experiment Repair and Maintenance--Continued

Experiment Abnormal condition Corrective action

Unplanned Tasks !

Articulated mirror Tilt control jammed on first Crew freed tilt adjustment :I
system visit, gears and reported new indi-

cator "zero" position.

Mirror surface was contain- New mirror installed by third
inated on second visit, visit crew.

Mirror position indicator Crew positioned mirror by
failed on third visit, counting turns of control knob.

Ultraviolet Panorama Film plate jammed in Malfunction procedure used
(S183) carrousel, for carrousel alignment.

Electrical failure in protec- Jumper wires connected be-
tire circuit, which shut off tween test connector and
power to electronics package camera connector pins.
before exposure sequence.

Contamination Photometer head in _lonre- Photometer system ejected
Measurements tractable position due to into space, permitting anti-
(T027/S073) shaft drive circuit failure, solar scientific airlock use in

other experiments.

Student

Neutron Analysis Detector deactivation slide Detector partly dismantled to
(ED76) jammed, free deactivation slide.

Planned Tasks

Apollo Telescope Mount

Persistence Image Scope Fuzzy image, poorly defined Proper operation restored
bright spots and horizontal after contacts were cleaned
bright lines on persistence and batteries changed.
image scope.

Earth Resources

Experiment Package

Multispectral Photo- No film motion sensing at Camera station 6 magazine
graphic Cameras camera station 6. replaced with spare.
(S190A)
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Expe;iment Repair and Maintenance--Concluded

Experiment Abnormal condition Corrective action

Planned '!'asks

Dust particles on optics and Cleaned with optical cleaning
tilm enmlsion buildup on kits.

platens.

Tape recorder Metal oxide buildup on re- Contamination removed from
cording heads, recording heads and tape

rollers.

Biomedical

Sleep Monitoring hnproper operation on indi- Cable between electronic box
(M133) cator lights, and cap replaced.

Lack of telemetry data. Two experiment cables re-
placed with spares.

Lower Body Negative Blood pressure measuring Cuff replaced with spare.
Pressure (M092) system cult' failed.
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APPENDIX 6--SYSTEM REPAIRS
AND MAINTENANCE

[FromJohnson SpaceCenter,SkylabMissionReport,Supplement3,
FlightCrewContributionstotheSkylabMission,July 1974]

System Abnormal condition Corrective action

Unplanned Tasks

Structure

Orbital Workshop Shield torn off during launch, Skylab parasol deployed
micrometeorite shield resulting in high interior through solar scientific airlock
(thermal control) Workshop temperature, on first visit.

Twin-pole sunshade deployed
during extravehicular activity
on second visit.

Electrical power

Orbital Assembly solar Solar-array system wing 2 Wing 1 deployed during EVA
array system broken off during launch and on first visit.

wing 1 failed to deploy.

Orbital Assembly Stuck relay in regulator pre- Crewman freed stuck relay
charger/battery/regu- vented battery from being during first visit by striking
lator module 15 charged, skin of spacecraft with hammer

in vicinity of relay during
EVA.

Attitude control

Orbital Assembly rate- Deterioration in performance Rate gyro "six-pack" installed
sensing system of rate gyros during first in multiple docking adapter

visit, on secondvisit.Installation

requiredextravehicularoper-
ations.

Environmentalcontrol

Thermalcontrolsystem Leakageofcoolantfluid Fluidreplenishedon third
fromcoolantloop. visit.

Refrigerationsystem Failedprimaryand second- ConnectorJ5 disconnectedto
aryrefrigerationsystem permitsimultaneoususeof
loopbypassvalvesinpartial primaryand secondaryloops
radiatorpositioncausedlow and topreventat,tomatic
looptemperatureand lossof switchovcr.
control.
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Syst_,m Repairs attd Maintenano .....Continued

System Abnormal condition Corrective action

Unplanned Tasks

Apollo telescope mount (]as bubbles in cooling ttuid Spare liquid/gas separator

control and display caused flow rate fluctuations, installed in place of system

panel cooling system filter.

Airlock module primary Contamination caused tern- Valve resumed operation

coolant loop perature control valve to during troubleshooting.
stick in cold position,

Life support

Orbital Workshop hatch Check valves leaked. Check valve orifices taped.
check valves

Orbital Workshop vent Vent valves remained open Valves purged and cleaned;
valve after close commands sent. valves then closed.

150-psi nitrogen pres- Nitrogen pressure regulator Placed on a 5-day duty cycle;

sure regulator was 10 to 15 psi low. operated normally.

Urine receptacle suction Rubber washer loose. New washer supplied and in-
line stalled by crew.

Communications

Transmitter Transmitter C inoperative. Crewman reset circuit breaker
on panel 200 and operations
were normal.

Airlock Module tape Tape slipped off capstan. Crew repositioned tape on

recorder capstan.

Television camera Television camera color Crew removed lens and

wheel was not rotating, started wheel manually to

causing loss of lower part of remove contamination in

picture and partial color, gearing.

Teleprinter Printout difficult to read. Teleprinter head cleaned.

Planned Tasks

Life support

Molecular sieves A and Erratic readings. A and B sensors replaced.

B partial pressure O-ring on molecular sieve B
carbon dioxide partial pressure carbon dioxide

inlet and cap replaced.
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System Repairs and MaintenancemConduded

System Abnormal condition Corrective action

Planned Tasks

Condensate dump Dump probe iced up. Dump probe replaced.

Waste management Low water flow. Replaced with spare.
compartment water
dispenser

Waste management Leaked around seal. Seal replaced.
compartment squeezer

Airlock Module electrical

power system

Fine sensor control Panel 392 failed test. Sensor replaced with spare.
panel

Communications

Television input station Broken connector pin on Replaced with spare.
television input station 642.

Television monitor No video on television Monitor and monitor cable

monitor, replaced.

Television power cable Coaxial lead failed in power Power cable replaced.
cable.

Airlock Module tape Three recorders failed. Replaced with spares.
recorder

Teleprinter Paper feed mechanism in- Teleprinter head assembly
operative, replaced with spare unit.

Speaker-intercon:muni- Switch failures on two units. Assemblies replaced with
cations assembly spares.

Video tape i ccorder Recorder failed to transmit Electronics unit and transport
recorded signals, unit replaced with spares.
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APPENDIX 7--TASKS IDENTIFIED AS POSSIBLE

FOR SPACE LABORATORY

[From Douglas Aircraft Company, Inc., Summary Report SM--48822, "Report on the Development of the Manned
Orbital Research Laboratory (MORL) System Utilization Potem!_ I " See January 1966 entry.]

RESEARCH

Astronautics

• Determination of orbital atmospheric densities (free molecular flow regime) in all areas
of mission interest*

• Determination of radiation environment in all areas of mission interest

Particular emphasis on electron flux at synchronous altitudes*

• Determination of micrometeoroid environment in all areas of mission interest*

Biotechnology

• Qualification of proposed MORL atmosphere for long-term habitability*

• Evaluation of aeroembolism effects upon decompression to pure O_ suit atmosphere*

• Determination of all detrimental atmospheric contaminants and toxicity levels*

• Evaluation of methods of identifying and continuously monitoring all trace contaminants

at levels significantly lower than ever attempted before*

• Assessment of long-term exposure to modified (semisterile) bacteriological environment*

• Assessment of biological and psychological effects of long-term use of recycled and re-
claimed (urine) water

• Establishment of human requirements and operational parameters for spinning (arti-

ficial gravity) mode

ControlSystems

• Determination of accurate long- and short-term disturbance profiles

• Determination of horizon radiometric signature (gradients profile)

• Assessment of long-term exposure of optical devices and bearings to the space environ-
ment

• Determination of hypergolic propellant long-term storage and ignition characteristics
under orbit-environment conditions*

•MORL study tasks for which orbital flight experience and development support might be provided by Apollo Appli-

cations Program.
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• Assessment of high-speed space-particle impact on system components (loaded propellant

tanks, combustion chamber, etc.)*

• Assessment of vacuum sealing and joining of metals (valves) *

Power

• Determination of long-term (years) stability of Pu-238 isotope fuel under high- and

low-temperature conditions

. Determination of maximum practical reduction of O _7 and O 1_ isotopes in PuO2 fuel
form

• Evaluation of effects on neutron source strength of fuels using purified O_

• Determination of fuel-capsule material creep as a function of temperature and stress for

time periods over five years

• Determination of PuO_ fuel helium release rates as a function of temperature and time

• Determination of thermal conductivity of packed beds of fuel particles

• Establishment of chemical reaction rates between the diffuzion barrier and fuel capsule
materials

• Determination of oxidation-cladding plastic flow as a function of temperature and stress

• Assessment of oxidation cladding compatibility with various soils

• Determination of thermal conductivity of representative soils, particularly at high (1400

K [2000°_]) temperatures

• Determination of long-term dissolution rates of fuel in sea water

• Determination of fuel-capsule-material brittle/ductile transition temperatures, energy

absorption as a function of strain rate, and strength and creep after impact

• Determination of fuel-block-material strength and plastic flow as a function of time and

temperature

• Determination of fuel-block-material oxidation rate when protected by an emissivity

coating

ADVANCE TECHNOLOGY

Astronautics

• Verification of recommended deployment system used to separate laboratory and counter-

weight for artificial gravity spinup

• Assessment of feasibility of using simpler linkages

*MORL study tasks for which orbital flight experience and development support might be provided by Apollo Appli-

catiom Program.
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• Determination of structural damping properties of cables when subjected to prolonged
space environment

• Determination of induced disturbances introduced by internal mass motion during the
rotating mode

• Assessment of human tolerance to wobble motions to determine wobble-damping control

requirements

Biotechnology

• Evaluation of humidity vapor _,ater purification techniques to determine whether char-
coal bed will eliminate atmospheric contaminants

• Development of a flight-qualified mass-spectrometer-gas-chromatograph combination to
measure trace contaminants at significantly lower levels than has been attempted before

• Evaluation of whether thermal desorption of molecular sieve bed is possible at 420 to
435 K (300 to 325°F), rather than 455 K (360°F), to reduce system complexity

• Determinations of accurate metaboli,: rates so that spacesuit airflow fans can be e_-
ciently sized

• Evaluation of whether the Bosch hydrogenation reactor can operate in a low output

mode so that power can be made available for critical experiments

• Determination of (1) the volume of laboratory and food wastes to be expected, (2) the
density of wastes after freeze drying, and (3) the long-term compatibility of fecal wastes
with food and laboratory wastes and collection sphere material

Evaluation of decontamination and cleanup techniques in case of illness*

• Evaluation of long-term maximum sound tolerance levels for EC/LS rotating machinery
and air ducts*

Development of high-efficiency, low-specific-speed fans
Determination of duct configuration for minimum sound propagation

• Evaluation of cabin ventilation in zero-g*

• Resolution of micrometeoroid-penetration leak detection problems

• Development of physical/psychological testing equipment compatible with orbital en-
vironment

Determination of physical/psychological monitoring and conditioning criteria*

• Development of techniques for integrating behavioral testing with routine station opera-
tion and maintenance procedures

• Development of automated biomedical measurements

• Determination of long-term physical and psychological effects of food packaging and
processing methods

• MORL study tasks for which orbital flight experience and development support might be provided by Apollo Appli-

cations Program.
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• Development and testing of onboard zero-g laundry facilities

• Assessment of man's ability in zero-g to perform station-keeping operations; mainten-
ance, and experimentation*

• Development of techniques for crewman positive motion control

• Identification of flight crew procedures with emphasis on communication requirements;
need for restraints, special tools, and work aids; special requirements for controls and
displays; and optimum layou_ of onboard equipment and facilities

• Assessment of man's performance capabiliues in extravehicular spacesuit operations*

• Establishment of realistic, long-term radiation expesure criteria, particularly critical for
:,ynchronous missions*

• Devclopment of effective partial body shielding

Flight Electronics

• Development and qualification of a high-power, low-loss, solid-state rf switch for use
over a frequency range of 250 to 2300 mc

Control Systems

• Development and qualification of control-moment gyro system sized to MORL-class re-
quirements

• Evaluation of control-moment gyro system's ability to counteract disturbance torques
(orbital tests required)

• Development of long-life bearing techniques and maintainability features for control-
moment gyros

• Evalt:ation of the performance of total, integrated inertial reference system, including
the inertial reference components, various experiment packages, and the space crew
Determination of detailed computational requirements for the inertial reference system

(to determine whether a new special purpose computer is required)

• Evaluation of improved accuracy of single axis platforms*

• Evaluation of the performance of the proposed rigid inertial-reference base concept

• Development of extravehicular maiute_mnee techniques and procedures to bring the
reliability of the two-axis star tracker to acceptable levels*

• Evaluation of man-machine interface to ensure successful execution of experiments
utilizing the star tracker, inertial reference system, displays, and data processing equip-
ment

• Simulation of proposed gyrocolnpassing technique for maintaining X-axis in orbit plane

•MORL study tasks for which orbital flight experience and development support might be provided by ApolLo Appli-

cations Program,

4O7
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SKYLAB: A CHRONOLOGY

• Evaluation of performance of complete!y integrated stabilization and control subsystem

in a specially designed simulation facility

• Evaluation of proposed horizon-sensor maintenance techniques

• Determination of horizon sensor accuracy*

• Determination of performance characteristics of inertial-rate integrating gyros in long-

term, zero-g environment*

• Evaluation of gyromotor bearing life in a zero-g environment*

• Determinat;on of applicability of long-life, air-bearing gyros to MORL

• Development of long-life bellows (1000 4- cycles) capable of storing hypergolic propel-

lants for extended periods*

• Evaluation of corrosion due to fuel and oxidizer*

"i• Assessment of inflight reaction-control system component nlaintenance*

• Assessment of electronic circuit design, packaging, and testing for improved maintain-

ability/reliability

Structures

• Development of optimum radiator surface coatings for EC/LS and power systems

• Evaluation of techniques and equipment for in-orbit EC/LS and power-system radiate

tube repair

• Assessment of the effectiveness of radiation shielding by onboard equipment*

• Eva!uation of the optical properties of the outer surface for temperature control*

._ ssessment of degradation due to orbital environment*

• Assessment of micrometeoroid damage to windows*

• Assessment of internal-material advanced aging and breakdown, formation of combus-

tion products and characteristics, and quantities of volatile products emitted*

I• Evaluation of space exposure effects on static and dynamic seals*

• Development and qualification of experimental and operational handling arms and air-

lock operating and sealing mechanisms*

Power

• Evaluation of long-term compatibility, as a function of temperature, of fuel and reaction

products with fuel capsule material_

• Evaluation of Xe-He gas mixture helium loss through selective leakage

*MORI, study tasks for which orbital flight experience and development support might be provided b7 Apollo Appli-

cations Program.
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APPENDIX 7

• Determination of fuel block coating emissivity as a function of time and temperature in
a vacuum Cl'lvirolln!eu[

Determination of the adherence of coatings during thermal cycling

• Development of super alloy coatings with an emissivity of 0.9 or better for heat source
exchanger

ADVANCE DEVELOPMENT

Biotechnology

• Developm,:nt of waster electrolysis cells with extended membrane life

• Confirmation of cell stop-start capability

• Evaluation of the long-term effectiveness of trace contaminant removal techniques

• Development of flight-qualified ultraviolet lights used for control of atmospheric bacteria

• Qualification of water separator performance in zero-g

• Qualification of interface heat exchanger (between power system and .eat transport
circuit) to establish leak prevention capability of internal vent passage technique

Flight Electronics

• Development of an S-band transmitter to satisfy TV transmission characteristics

• Development and orbital testing of external TV cameras and their associated pan and
tilt mechanism

• Evaluation of the theoretically optimized modulation parameters of the telemetry modu-
lator by breadboard testing

Power

• Assessment of plutonium production schedules and availability priorities to ensure fuel
availability

• Assessment of facilities required to convert plutonium into fuel form on a commercial
basis and produce fuel capsules

• Development of a fuel capsule "window" that is selectively porous to helium only

• Evaluation of foil and solid insulations to determine thermal conductivity as a function
of altitude and time in vacuum

• Determination of neutron source strength of commercially produced fuel as a function
of time

Determination of effects of initial impurities and reaction products
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SUPPORTING DEVELOPMENT

Biottchnology 1

• Development of polaro_aphic oxygen-partial-pressure sensors to improve sensor life, or
development of a completely new concept

• Development of "dry" electrolysis units to eliminate use of free fluid electrolyte in atmos-
phere supply system

ControlSystems

• Investigation of alternate control-moment gyro configurations to provide additional
torquing capability for laboratory maneuvering

• Determination of the applicability of alternate inertial-reference syste,ns

• Evaluation of alternate alignment concep:s and techniques for the two-axis star tracker

• Evaluation of airlock devices for inflight maintenance of the two-axis star tracker, rather
than the present extravehicular maintenance

• Evaluation of alternate techniques for aligning the X-axis to the orbit plane

• Investigation of backup, manual, optical-alignment techniques for the inertial reference
systems*

• Evaluation of potentially more efficient, low-level thrustors and _.dvance reaction-control
propulsion systems

• Evaluation of screen ullage positioning devices for reaction control system propellant
expulsion

• Evaluation of new electronic circuit techniques; i.e., microintegrated circuits

Power

• Evaluation of reentry stability of shaped fuel blocks through wind tunnel tests
Evaluation of the heating rates of shaped fuel blocks

• Determination of a model for fuel capsule deformation after reentry impact

• Determination of the impact depth and Earth coverage of fuel blocks after reentry

• Determination of the high-temperature creep strength of nickel and its alloys when the
material is deprived of oxygen.--evaluation of the strength of preoxidized samples and

,, the use of argon doped with small percentages of oxygen

_

k

•MORI. study tasks for which orbital fll[ht eacpericnce and development support ralght be provided by Apollo Appll-
: cationsProgram,
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APPENDIX 7

• Investigation of fuel capsule fabrication to (1) obtain leak-tight, maximum-strength
welds; (2) determine methods of filling the capsule with fuel, closing the filter plug, and
leak checking; and (3) determine methods of applying oxidation cladding to the diffu-
sion barrier on the fuel capsules

• Evaluation of improved alternator designs

• Assessment of the need for (1) improved long-term, high-temperature thermoeouples;
(2) thermocouple inflight recalibration; and (3) other temperature measuring techniques
(optical sensors or variations in the electrical resistance of gases at high temperature)
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APPENDIX 8 SKYLAB CONTRACTORS,
RESPONSIBILITIES, AND COSTS

(Partial List)

[From U.S. Congress, Senate, Committee on Aeronautical and Space Sciences, Skylab: Hearing on _
Skylab Mission, 93rd Cong., 1st sess., 23 May 1973] JMajor Skylab Contractors

Contract

Contractor Responsibility Amount
(millions)

jsc
Rockwell International ....... Command and service module .................... $354.3

General Electric ............. Automatic checkout equipment reliability .,nd quality -4,
assurance system engineering .................... 29.7

Martin Marietta ............ Payload and experiments integration and spacecraft J
support ...................................... 105.4

The Garrett Corp ........... Portable astronaut life support assembly ............ 11.9
International Latex .......... Space Suits ..................................... 16.9
ITEK ..................... S 190---Multispectral photo facility ................. 2.7
Black Engineering ........... S191--Infrared spectrometer ...................... 2.0
Curler Hammer Airborne I

Instrument Lab ........... S194--L-band radiometer ........................ 1.5
General Electric ............. S193_Microwave radiometer/scatterometer ......... 11.3 :t
Honeywell ................. S192_10-band multispectral scanner ............... 10.8

HQ
Martin Marietta ............ Program support ................................ 11.1 i

MSFC _-

General Electric ............. Electrical support equipment and logistics support .... 25.0 _,
McDonnell Douglas ......... S-IVB stage .................................... 25.7

!
Martin Marietta ............ Payload integration and multiple docking adapter

assembly ..................................... 215.5 i

Rockwell International ](Rocketdyne Division) ..... Saturn engine support_Saturn V and Saturn IB .... 10.3
IBM ...................... Apollo telescope mount digital computer and

associated items ............................... 29.2

Chrysler ................... S-IB stage ...................................... 30.0
S-IB systems and integ'ation ...................... 7.0

McDonnell Douglas,
Huntington Beach ......... Orbital Workshop ............................... 383.3

McDonnell Douglas, ,_
St. Louis ................. Airlock ........................................ 267.7

General Electric ............. Launch vehicle ground support equipment .......... 12.6
IBM ...................... Instrument unit ................................. 30.7
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APPENDIX 8

S_ylab Contractors,Responsibilities,and Costs---Concluded

Major Skylab Contractors

Contract

Contractor Responsibility Amount
(millions)

Boeing ..................... S-IC stage ...................................... 9
System e:gineering and integration ................ 7.4

American Science and

Engineering .............. X-ray spectrograp!4c telescope---S054 ............. 8.3
High Altitude Observatory... White light coronagraph--S052 ................... 14.7
Harvard ................... UV spectrometer--S055 .......................... 34.6
Naval Research Laboratory...UV spectrograph/heliograpla ...................... 40.9
Goddard Space Flight Center. Dual X-ray telescope ........................... 2.5

KSC

Chrysler ................... S-IB launch operations support ................... 23.2
Boeing ..................... Saturn V launch vehicle and launch complex 39,

launch operations ............................. 14.4
Rockwell International ....... Command and service module support .............. 17.5
McDonnell Douglas ......... S-IVB launch services ........................... 58.9
IBM ...................... Instrument unit, launch services ................... 12.3

Delco Electronics ............ Navigation and guidance launch operations .......... 9
Martin Marietta ............ Multiple docking adapter support .................. 7.2

Major Skylab Subcontractors

jsc
Aerojet General ............. CSM service propulsion system (SPS) rocket engines.. $ 3.1
AiResearch ................. CSM environmental control systems (ECS) ......... 5.6
Aeronca Inc ................ CSM honeycomb panels .......................... 1.5
AVCO .................... Command module heat shields .................... 2.5

Beech Aircraft ....... "....... CSM cryogenic gas storage system ................. 4.0
Collins Radio ............... CSM communications and data systems ............ 4.7
Honeywell ................. CSM stabilization and control systems .............. 3.1
Mmquardt ................. Service module reaction control system (RCS) engines. 1.1
Northrop ................... Command module Earth-landing system ............ 8
Pratt & Whitney Aircraft ..... CSM fuel-cell powerplants ....................... 3.2
Bell Aerospace .............. RCS propellant storage tanks ..................... 3.4
Simmonds Precision Prodacts. Propellant utilization gauging system ............... 1.3

MSFC

TRW ...................... Solar array system ............................... 23.7
Fairchild Hiller ............. Habitabi|ity support system ....................... 19.0
Hamilton Standard Division

of United Aircraft ......... Centrifugal urine separators ....................... 9.6
Hycom Manufacturing ....... Orbital workshop viewing window .................. 9
AiResearch ................. Molecular sieve ................................. 4.7

413
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APPENDIX 9--FUNDING
(Dollars in Thousands)

Fiscal Year Funding Breakdown
1966

Apollo Applications ................................. $ 51 247
Space vehicles:

$ 51 247 Uprated Saturn I procurement $ 1 000
Spacecraft modifications 7 500

8 500
Experiments:

Definition 34 447

Development 5 900

40 347
Mission support:

Payload integration 100
Operations 2 300

2 400
1967

Apollo App!ications ................................. $ 80 000
Space vehicles:

$ 80 000 Saturn IB procurement $ 21 900
Saturn V procurement 1 300
Spacecraft modifications 14 500

37 700
Experiments:

Definition 10 974

Development 26 626
]- ,

37 600
Mission support:

Payload integration 3 900
Operations 800

4 700

1968

Apollo Applications ................................. $126 190
Space vehicles $ 29 629

Budget Plan $253 200

Prior year funds Payloads and experiments 96 561
applied to FY 1969

Financing Plan - 127 010

Financing Plan $126 190
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Funding--Continued

(DollarsinThousands)

FiscalYear FundingBreakdown

1969

Apollo Applications ................................. $277 010
Space vehicles $ 93 600

Budget Plan $150 000
Prior year funds Payloads and experiments 183 410

applied to FY 1969
Financing Plan 127 010

Financing Plan $277 010

1970

Apollo Applications ................................. $308 800
Space vehicles $138 400

Budget Plan $308 800
Payloads and experiments 170 400

1971

Skylab ............................................ $405 200
WorkshopCluster:

Budget Plan $405 200 Orbital Workshop $ 96 665
Multiple docking adapter 27 600
Airlock module 85 300

Apollo telescope mount 14 001

223 566

Experiment development:
Applications and science 35 608
Technology and engineering 16 337
Medical 6 620

58 565

Payload integration 27 803

Program support 15 050

Space vehicles:
Spacecraft 42 040
Saturn IB 25 659

67 699

Operations 12 517
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SKYLAB; h CHRONOLOGY

Funding--Concluded

(Dollars in Thousands)

Fiscal Year Funding Breakdown

1972

Skylab ............................................ $538 500
Workshop Cluster:

Budget Plan $538 500 Orbital Workshop $158 525
Multiple docking adapter 31 248
Airlock module 77 720

Apollo telescope mount 10 908

278 401

Experiment development:
Applications and science 23 368
Technology and engineering 22 724
Biomedical 3 650

49 742

Payload integration 32 591

Program support 31 823

Space vehicles:
Saturn V 4 100

Spacecraft 92 706
Saturn IB 39 582

136 388

Operations 9 555

1973

Skylab ............................................ $502 000
Budget Planning $502 000

1974

Skylab ............................................ $233 300
Budget Planning $233 300

Source: Information supplied by F. B. Hopson, JSC, Administrative and Program Support
Directorate.
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APPENDIX 1I----ORGANIZATION CHARTS

McDONNELL DOUGLAS CORPORATION_SKYLAB ORGANIZATION

DIRECTOR DEPUTY
SKYLAB- DIRECTOR
AIR LOCK RichardP. Gillooly
ErvinT. Kiraelburg

DIRECTOR
VICE PRESIDENT- SKYLAB
GENERALMANAGER ADVANCED
SKYLABPROGRAM STUDIES
RaymondA. Pepping GeorgeV. Butler

DIRECTOR ASSISTANT
SKYLAB- DEPUTY OIRECTOR-
ORBITAL OIRECTDR _ HARDWARE
WORKSHOP SamYarchin INTEGRATION
FredJ.Sanders A.G. Puglisi
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JOHNSON SPACE CENTER--SKYLAB PROGRAM OFFICE
[as of 1971]

APOLLO/
SKYLAB

P'PROGRAM
SUPPORT

OFFICE

OFTHE I I I I I IMANAGER MANAGEMENT ORBITAL
MISSIONS CENTER ENGINEERING MANUFACTURING
OFFICE SUPPORT OFFICE AND TEST OPERATIONS ASSEMBLY

OFFICE OFFICE PROJECT
OFFICE

MSFCI
MSC

_RESIOENT
MANAGEMENT
OFFICE-
DENVER
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JOHNSON SPACE CENTER--APOLLO APPLICATIONS PROGRAM OFFICE
[as of 1969]

CSMPROJECT
OFFICE

APOLLO _.
APPLICATIONE

PROGRAM I I 1 I I
OFFICE OFFICE MANAGEMENT ENGINEERING MANUFACTURING MISSIONS

SERVICES OPERATIONS OFFICE ANO TEST OFFICE
OFFICE OFFICE

ORBITAL
ASSEMBLY
PROJECT
OFFICE

JOHNSON SPACE CENTER--APOLLO APPLICATIONS PROGRAM OFFICE
[as of 1968]

CSMANO LM
PROJECT
OFFICES

PROGRAM

MANAGER l I I I
SYSTEMS MISSIONS TEST PROGRAM
ENGINEERING ENGINEERING ENGINEERING CONTROL

AIRLOCK
PROJECT
OFFICE
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JOHNSON SPACE CENTER--APOLLO APPLICATIONS PROGRAM OFFICE
[as of 1966]

PROGRAM
-- CONTROL

OFFICE

ORBITAL

b WORKSHOP SYSTEMS
PROJECT _ ENGINEERING
OFFICE OFFICE

APOLLO RESIDENT
APPLICATIONS MANAGER

PROGRAM I MAC-
OFFICE STAFF ST.LOUIS

OFFICE
FUTURE TEST
MISSIONS -- OPERATIONSm
PROJECT OFFICE
OFFICE

MISSION
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OFFICE
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APOLLO APPLICATIONS PROGRAM ORGANIZATIONAL ELEMENTS

: [as of 1967]
= OFFICE

MANNED DIRECTOR
', ! SPACE APOLLO

:, FLIGHT APPLICATIONS [ J [MARSHALL MANNED KENNEDY
SPACE SPACE SPACE
FLIGHT FLIGHT FLIGHT
CENTER CENTER CENTER

"' LAUNCH SPACECRAFT CHECK-CJT
VEHICLES FLIGHT OPERATIONS PROCEDURES
EXPERIMENTS CREWOPERATIONS LAUNCH
MISSION MISSIONMODULES OPERATIONS
MODULES EXPERIMENTS _-
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KENNEDY SPACE CENTER
[as of January 1969]

PROGRAM
CONTROL
OFFICE
(AP-PCO)

C.A.Guthrie I [
Chfef

MANAGEMENT PROGRAM RESOURCES&
R.I. Hod_on SUPPORT ANALYSIS FINANCIAL
Deputy BRANCH & SCHEDULES MANAGEMENT

W.C.Cogweell BRANCH BRANCH
Chief W.E.Pearson C.E.Meten

RELIABILITY, Chief Chief
QUALITY
ASSURANCE&
SYSTEMSSAFETY

mOFFICE (AP-RQA)
W.H.Rock
Chief

MANAGER J.L.Jcyner
APQLLO Deputy
PROGRAM
(AP)
R.O.Middteton

Mlna_r SYSTEMS
E.R,Meth_ ENGINEERING
Deputy OFFICE

(AP-SYS)

-- S.T. Seddingfield [ i
Chief

GSE& CONFIGURATION
W.T.Clearmen FACILITIES MANAGEMENT
Deputy BRANCH BRANCH

T.F. Goldcamp M.P.Gmmen
Chief Chief

SPACE
VEHICLE
OFFICE
(AP-SVO)

A.O.Smith I I IChief
SATURN V SPACECRAFT OPERATIONS&

R. Engel BRANCH BRANCH SUPPORT
Deputy H.J.Clark H.C.Crlillhton BRANCH

Chief Chief (Vacant)
Chief

428



APPENDIX 11

]

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
[as o_r30 June 1972]

OFFICEOF MANNED
GENES;? SPACECRAFT

m COUld;EL _ CENTER
GanavI
Counsel Houston,TX

OFFICEOF

MANNED GEORGEC. MARSHALLSPACE
FLIGHT -- -- SPACEFLIGHTCENTER
Associate Huntsvilla,AL

OFFICEOF AdministratorPUBLIC
m AFFAIRS JOHNF.KENNEDY

Anhtant -- SPACECENTER
Administrator KennedySpace

Center,FL

OFFICEOF
POLICY&

m ASSOCIATE UNIVERSIT'f
ADMINISTRATOR_ AFFAIRS GODOARO

Assistant SPACE
Administrator _ FLIGHT

CENTER

OFFICEOF Greenbelt,MO
ADMINISTRATION

F Assi_ent OFFICEOF
Administrator SPACE JETPROPULSION

OFFICEOF -- SCIENCE _ LABORATORY

ORGANIZATION | Associate _ (Contractor
AND MANAGEMENT.--J OFFICEOF Administrator Operated)
Associate | INDUSTRY Pasadena,CA

Administrator L AFFAIRSANDTECH
UTILIZATION WALLOPS
AssiStant _ STATION
Administrator WallopsIsland,VA

ADMINISTRATOR
DEPUTY
AOMINISTRATOR• ,,
EXECUTIVE
OFFICER OFFICEOF

APPLICATIONS

EXECUTIVE OFFICEOF A.ociate
B SECRETARIAT DOD& Administrator

_ INTERAGENCY
AFFAIRS
Assistant
Administrator

OFFICE OF OFFICEOF
MANAGEMENT TRACKING

m DEVELOPMENT ASSOCIATE OFFICEOF _ AND DATA
Assistant B DEPUTY _ INTERNATIONAL ACQUISITION
Administrator ADMINISTRATOR _ AFFAIRS Associate

Assistant Administrator
Administrator

AEROSPACE OFFICEOF
SAFETY LEGISLATIVE
ADVISORY _ AFFAIRS AMES
PANEL Assistant _ RESEARCH

Administrator CENTER

Moffett Field,CA !

.i
PERSONNEL FLIGHT
MANAGEMENT OFFICE OF _ RESEARCH
REVIEW AERONAUTICS CENTER
COMMITTEE - AND SPACE _ EdwardsCA

TECHNOLOGY
Associate
Adminiltratot LANGLEY

B RESEARCHCENTER

NATIONAL J Hampton,VAACADEMIES

/L.. SciencR

Engineering -LEWIS
Public _ RESEARCHCENTER
Administration Cll_llnd, OH
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LYNDON B. JOHNSON SPACE CENTER
[as of March 1973]

MISSION
FLIGHT PLANNING
SUPPORT AND

DIRECTOROF _'_ DIVISION I'- ANALYSIS

STAFFOFFICES FLIGHT | JamesC. Stokes,Jr. _ DIVISION

NASA OPERATIONS / JohnP.Mayer
MANAGEMENT _ HowardWTindall.Jr. i COMPUTATION
AUDITS OEPUTY | AND FLIGHTCONTROL
OFFICE L.C.Ounzeith _ ANALYSIS DIVISION

r- SOUTHWEST DIVISION
I REGION RichardP.Perten EugeneF. Kranz
I ClaudeN. Lynch
I NASA FLIGHTCREW
I INSPECTOR _ INTEGRATION
j GlennL.McAvoy DIVISION

I ASTRONAUT DeanF.Grimm
I
I PROGRAM DIRECTOROF r'- OFFICE

OPERATIONS FLIGHTCREW | AlanB.Shepard CREWTRAINING

-- OFFICE OPERATIONS / _ AND _IDonaldD.Arabian -- DonaldK. Slayton SIMULATION
DEPUTY | AIRCRAFT DIVISION
ThomasP.Stafford t_ OPERATIONS C.H.Woodling

SAFETY, OFFICE
RELIABILITY JosephS.Algranti CREW

AND __ PROCEDURES :i
QUALITY DIVISION
ASSURANCE PROJECT JamesW. Bilodeau 1

SPECIAL OFFICE ENGINEERING
ASSISTANTFOR MartinL. Raines -- OFFICE i

I MANAGEMENT APOLLO f GaryA. Coultes i

WilliamR. Kelly DEPUTY SPACECRAFT (Acting) i;'
WilliamM. Bland,Jr. _ PROGRAM

OFFICE SYSTEM _
GfynnS. Lunney ENGINL,.RINGPERSONNEL

OFFICE -- OFFICE ]

DIRECTOR JackR. Litter GlynnS. Lunney iI
ChristopherC. Kraft,Jr. (Acting) I

DEPUTY _r !i
DIRECTOR MISSIONS SKYLAB
SigurdA. Sjoberg PATENT -- OFFICE PROGRAM

l -- COUNSEL AlfredA. Bishop RESIDENT

MarvinF, Matthtws OFFICE i
ORBITAL KSC

SKYLAB ASSEMBLY ArchihaldE.Morse.Jr.
LEGAL PROGRAM _ PROJECT

-- OFFICE
TECHNICAL PorterH, Gilbert OFFICE OFFICE MSFC/JSC 11
A,oSISTANT _ KennethS. Kleinkneoht-- ReginaldM. Mechell RESIDENT

MANAGEMENT _,
TOTHE DEPUTY OFFICE/
DIRECTOR PUBLIC ArnoldD, Aldrich
GeorgeW.S. Abbey AFFAIRS MANUFACTURING DENVER i

-- OFFICE -- AND lEST OFFICE AlbertB.Triche

JohnW.King WilliamH. Douglas ENGINEERING t
OFFICE
WillisB. Mitchell

OPERA,,ONS 1
PLANNING _,

AND tEARTH I'-- REQUIREMENTS

RESOURCES l OFFICES PROGRAM
PROGRAM | OlevSmistad ANALYSIS

SYSTEMS p OFFICE | AND ]INTEGRATION CliffordE. Charletworth[ SYSTEMS PLANNING i
| ANALYSIS OFFICEHomerW,gottt DEPUTY O.G,Smith :jL-- AND

John G.Zarcero INTEGRATION

SPACE OFFICE i

SPACE SHUTTLE RichardA. Moke
SHUTTLE ORBITER

PROGRAM PROJECT I I ] I
OFFICE OFFICE OPERATIONAL ENGINEERING MANUFAC(URING SPACESHUTTLE i
RobertF.Thomplon AaronCohen REQUIREMENTS OFFICE ANDTESTOFFICE PROGRAM •

OFFICE MiltonA, Silveire AndrewHoboken RESIOENT

MANAGEMENT DonaldC.Cheethem OFFICE(DOWNEY)

INTEGRATION Tc_illitm WiltonHaroldE,Gertrell
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LYNDON B..JOHNSON SPACE CENTERmCONT.

PROGRAM SMALL
BUSINESS

SUPPORT AND
APOLLO/ INTERNAL -- INDUSTRY

SKYLAB REVIEW [ AFFAIRS
JohnG.McClintock _ OFFICE ASSISTANT OFFICE

SPACESHUTTLE DouglasR.Hendrickson OIRECTOR t H.T.Christrnan INSTITUTIONAL

R.WayneYoung r--- FOR PROCUREMENT
EQUAL | PROCUREMENT PROCUREMENT DIVISION

ORBITER EMPLOYMENT JamesL. NesI OPERATIONS ParkerL. Carroll
PROJECT -- OPPORTUNITY / " OFFICE

RobertC. Hood OFFICE j ArthurE. Garrison PROGRAM

J JosephD. Atkinson.Jr.
PROCUREMENT
OIVISION

DIRECTOROF GtsnnF. Bailey
ADMINISTRATIUN
ANDPROGRAM
SUPPORT INSTITUTIONAL
PhilipM. Whitbeck ASSISTANT RESOURCES

OEPUTY DIRECTOR F OIVISION PROGRAM

Clir.tonL.Taylor L FOR L WilliamA. Stransky SUPPORT

RESOURCES DIVISION
MANAGEMENT ANO JamesJ.Shannon
ANALYSIS PROGRAM FINANCIAL (Acting)

- OFFICE SUPPORT MANAGEMENT
LeslieJ. Sullivan JamesE. Sons.Jr. DIVISION

RnbertE. Driver

I OGISTICS

I--" DIViS_ON MANAGEMEN'I
| Ro_a_tB.B,_yd.Jr. '.ERVICE_DIRECTOR

OFCENTER _/ _E--'E_'&'V-D_VlSln".
OPERATIONS _mE_ SERVICES OonnldD, _bmle
JosephV. Pil_nd _ DIVISION

DEPUTY L JackA. Kinzler PHGTOGRAPHIC WHITETECHNOLOGY SANDS

KennethB. Gilbreath [ ErJGINEERING DIVISION _ TEST
OlVISION JohnR. Bdnkman | FACILITY

WilburH.Gray [ Je_eC. Jones

BIOMEDICAL /| EARTH
RESEARCH | RESOURCES

DIRECTOROF [_ DIVISION BIOENGINEERING _ LABORATORY
LIFESCIENCES | EdwardL. Michel
RichardS.Johnston SYSTEMS (AT MTF) -

DEPUTY L HEALTH DIVISION RobertO.Pilefld )LawrenceF. Oietlein SERVICES JohnC. Stones/far
EARTH DIVISION
OBSERVATIONS GeorgeG.Armstrong.Jr.

DIRECTOR I" DIVISION PLANETARY

OF .__ R.B.MacDonald ANDEARTH SPACE

SCIENCE SCIENCES ENVIRONMENT
AND LUNAR DIVISION TEST
APPLICATIONS RECEIVING PaulW.Gait CREW DIVISION
AnthonyJ. Calio LABORATORY SYSTEMS JamesC.MoLene

UEPbTY WeldonB. McCown _ DIVISION PROPULSION
JamesA. Lovell RobertE.Smylis AND POWER

OIVISIO_
ASSISTANT STRUCTURES JolephG.Thibodeux.Jr.DIRECTORFOR AND
CHEMICAL _ MECHANICS
AND MECH DIVISION ;JRBAN
SYSTEMS RobertE.Vale SYSTEMS
AlackC. Bond PROJECT

FUTURE OFFICE
ASSIST,,_NT PROGRAMS EdwardL, Hays

DIRECTORFOR ['- DIVISION ENGINEERING
ENGINEERINGDIRECTOROF ADVANCED / JeromeB. Hammack ANALYSIS EXPERIMENT

PLANNINGANO |

AND -- DESIGN --| SPACECRAFT OIVISION | SYSTEMSOEVELOPMENT BruceG,Jacklon _ DIVISION AVIONICS

M|xime A. F_g#t t.-. OESJGN _ EnochM. Jones SYSTEMS

MaximaA. Flget (Acting) OIVISION ENGINEERING
CeldwallC.Johnlon CONTROL GIVISIUN

ASSISTANT SYSTEMS WilliamC.Bradford
OIRECTORFOR OEVELOPMENT
ELECTRONIC OIVISION TRACKING&
SYSTEMS RobertG.Chilton COMMUNICATIONS
RobertA, Osrdiner DEVELOPMENT

OIVISION

RalphS.Sawyer _
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION--
MANNED SPACE FLIGHT ORGANIZATION _i

[as of September 1968] _
PLANS
AND

,._ ANALYSIS :_

MANNED NormanRafei MSFFACILITIES !SPACE Director
FLIGHT PROGRAM
PROGRAM SUPPORT
CONTROL I.JerryHie.
JaraldR. Kubat PROGRAMMING Chief
Director OPERATIONS

BernardL. Johnson
Director

4

PUBLIC MANNED TECHNICALAFFAIRS

II--0FFICE R SPACE STAFF
FLIGHT _'_ RobertF. Freitag

DEPUTY I AlfredP.Alibrando FIELD (Acting)Director
ASSOCIATE I CENTER

-- ADMINISTRATOR I DEVELOPMENT
MSF(MaoagemenU I RobertF. Freitag SPECIAL
FrankA. Dogart I LEGAL DirectGr STAFF

L--ADVISOR
V. JohnLyle WilliamJ. Bolce,Jr.

EdwardF. Parry DeputyDirector Director
WORK
PACKAGE

MANNED LOGISTICS ["" M. KeithWible
SPACE MANAGEMENT Chief

MANNED
F MaynardE. White

FLIGHT SPACE (Acting)Director PROCUREMENT
EXPERIMENTS FLIGHT / SUPPORT 11

BOARD -- MANAGEMENT l SidneyA. Carilki
m OouglaiR. Lord OPERATIONS -- MANAGEMENT DirectorTechnical MaynardE. White

ASSOCIATE Advisor Director PROGRAMS

ADMINISTRATOR W.O.Armstrong -- WilliamP.Davis DATA
MSF Executive Director MANAGEMENT

DonaldW. Ounn :!
GeorgeE. Mualler Secretary Manager
DEPUTY ',

ASSOCIATE
ADMINISTRATOR !
MSF MEDICAL
ChartelW.Matthews MANNED SCIENCEAND
ASSISTANT SPACE ]-- TECHNOLOGY

TOTHE AA-MSF FLIGHT SPACE _ ShermonP. Vinograd LUNAR

JulianH. Bowman SAFETY MEDICINE Oirector RECEIVING
OPERATIONS

-- JeromeF.Ladarer 3arealW. Homphreyl JohnE. Picketing
Oirector Director ASSISTANT

PhilipM. BolDer FOR Director i
OeputyDirector PROGRAM

COORDINATION

HerbertS. Brownltein "i

PLANS
(Vacant)

Chief OPERATIONS REPS

SUPPORT OTDA
DEPUTY _ REQUIREMENTS.... GSFC
ASSOCIATE OFFICE DOD

-- ADMINISTRATOR 1 B. PorterBrown
MSF(Technical) I Oirector APOLLO
CharlesJ. Donlen I BELLCOMM,INC. INFORMATION APPLICATIONS

=-- lenM. ROlL - OPERATIONS

President AND J_,hnA. Edwerdl _!_
CONTROL Director

D SYSTEMS

WillialoF. Miller SYSTEMS
MISSION Chief ANALYSIS
OPERATIONS --_.. ............. (BELLCOMM)
John0. Stevenson JohnJ. HIbbert
Director PHOGRAM

CONTROL Director
LeoX. Abernethy
Chief APOLLO

_.. OPERATIONS

FLIGHT JohnK.Holcomb
CREW Director
OPERATIONS !
JohnProdan ,_

Chief !
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION--
MANNED SPACE FLIGHT ORGANIZATION--CONT.

PROGRAM MISSION
_ CONTROL PLANNING

MerleG.Waugh _ AND
Director OPERATIONS JOHNF. KENNEDY
MANNED DouglasR. Lord SPACECENTER

ADVANCED -- SPACECRAFT (Acting)Director KurtH. Debut
MANNED FranklinP, Dixon Director
MISSIONS Director PAYLOADS
PROGRAM , _ WilliamO.Armstrong _ A.F.S/apart
Char)asJ. Doolen j Director DeputyDirector

(Acting)Director SYSTEMS TRANSPORTATION Cir.Moral.
t M.Ross

Ooug(asR. Lord ENGINEERING SYSTEMS
DeputyDirector "" (BELLCOMM) _ A. DenialSchnyer DeputyDirector

BryanT, Howard Director Cir.Oper.
Director

SUPPORTING
DEVELOPMENT
E/donW. Hall
Director

PROJECT
INTEGRATION PROGRAMCONTROL TEST

AP01 LO im PhilipE.Culbertson r'- J, ParableField,Jr. I MelvynSavage

APPLICATIONS Director [ 0irector DirectorHaroldT. Luskin
Director '

John H. Oisher RELIAGILITY, ] SYSTEMS

DeputyDirector QUALITY& I ENGINEERING L OPERATIONSSAFETY L. (BELLCOMM) JohnE.Edwards
HeoDaiCohen DonaldR. Hegner Director
Director Director

MANNED
SPACECRAFT
CENTER
Or,RobertR. Gilruth
Director

GeorgeS.Trimb/e
AUTOMATED DeputyOirector
SPACECRAFT

I B, Milwitzky I FLIGHT

Associate SYSTEMS
Director -- DEVELOPMENT

W,T, O'Dryent
APOLLO Aaociete
LUNAR Director
EXPLORATION --

LeeR. Soberer LUNARSCIENCE
Oirector t,... R.J.Allenby,Jr.

AssociateDirector

PROGRAM TEST
_ CONTROL r-" LarDyE. Day

APOLLO JamesB,Skaggs / DirectorPROGRAM Director
_tmue(C. Phillips • OPERATIONS

-- Director I JohnK, Holcomb

i DirectorGeorgeH. He0e SYSTEMS GEORGEC,MARSHALL

DeputyDirector L. ENGINEERING J QUALITY& SPACEFLIGHTCENTER
(BELLCOMM) L.. RELIABILITY WarnheryonSreun
RobertL.Wngner GeorgeC.White,Jr, O/rector
Oir4ctor Director " E, Reel

! Oep,Oir.Tech,

H, Gormen

! Oap.Dir. Adm,
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AAP missions (see also Apollo Applications Program) Aero Services, 64
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CSM, 109 Guppy, 155, 234, 240, 280
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objectives, 114, 119 Super Guppy, 240, 252, 274, 286
schedule, 108 AiResearch Div. See Garrett Corp.
space suit study, 142 Airlock, 58, 67, 91
stowage, 162 advanced concept, 91, 101
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configuration, 105 Airlock module (AM), 126--27, 153, 222, 236, 252, 275,

CSM, 109 _ 283, 284, 286

launch date, 189 .o_.._¢_lb_ AM/MDA engineering inspection, 270
objectives, 107, 128 AM/MDA manned altitude chamber test, 116, 274

AAP-3A, 150, 153 AM/MDA simulation flight test, 155, 158, 271,274,

experiments, 109 , "(._".'_. _' 283objectives, 136-37 astronaut maneuvering unit, 98
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experiments, 109, 128 _x-. _q.'_ caution and warning system, 158, 179, 193, 288

objectives, 107, 109, 128 x_%'_q_U Change Review Board, 206
AAP-4, 114, 150, 153, 162 command and instrumentation center, 158

configuration, 105 contract, 90, 144, 205
CSM, 109 coolanol system, 179, 230, 239
LM as ATM, 109-10 crew station review, 202, 205
objectives, 107, 128 crew system review, 185, 277
space suit study, 142 critical design review, 207, 209

AAP-A data management, 158, 207
definition studies, 116, 152 design certification review, 283
meteorology experiment, 102 design concept, 58, 90, 101, 177, 185, 186

AAP-B, definition studies, 116, 152 electrical power, 118, 207,271
AAP Inter-Center Interface Panels, 143 environmental control system, 90, 158, 207

created, 105, 121 experiments, 88
Electrical, I05 responsibility for, 207, 271
Imtrumentation and Communications, 105 flight article, 256, 258
Mechanical, 105 flight article test, 137-38, 256
Mission Evaluation, 105 Gemini technology, 90
Mission Requirements, 105 intercommunications, 158. 207,285
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scientific, 175 funding, 112
Scientific Airlock Working Group, 263 impact, 112, 119
stowage, 153, 245, 271 Apollo Applications Program (we also AAP-1, etc.), xv,
teleprinter, 145, 166, 199 xvi, ,1-7, 62, 67, 7¢), 94, 130
testing, 137 38, 155, 157, 159, 186, 187, 200, 241, abort guidance system, 155

256 airhwk (see aho Airlock; Airlock Module), 67, 139
trainers, 232 astr.naut maneuvering unit, 97, 98

Akens, David S., 142 budget, 68, 71, 98, 130

Alabama Space and Rocket Center, 269 caution and warning system, 155, 288
Albany, NY, 386, 394 Center responsibilities, 54, 66-67, 89, 119, 132. 137,
Aldrich, Arnold D, 342 142
Aldrin, Edwin E., Jr., 27 cluster. 88, 101, 116, 128, 144, 153, 157, 225-26
Alibrando, Alfred P., 210 LM/ATM, 100, 167
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Allen, H. Julian, 75 Workshop, 100
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Allen, Robert E., 377 concepts, 168
Allenby, Richard J., 39 configuration guidelines, 54, 79, 111, 134, 147, 157,
Aller, Robert O., 244, 250, 269, 316 162, 163
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contract, 23, 105, 146 CSM, 53, 69, 75, 147
electrical power system, 146 definition studies, 77

American Astronautical Society, 124, 354 design decisions, 76, 122
American Embassy Science Attache, 313, 320 designated, 49
Americ_',n Geophysical Union, 355 engineering support, 134
American Institute of Aeronautics and Astronautics, 114, ,-xperiment activities, 52, 53, 68, 75, 80, 88, 104, 132

130, 242, 355 experiment payload, 54, 61, 68, 116, 137, 147
Fourth Manned Space Flight Meeting, 52 established, 52, 54

American Optical Co., 106 funding, 73, 74, 77, 119
American Science and Engineering, Inc., 142, 376, 381- funding constraints, 92, 98, 126, 133, 136, 143

82 innovati,ms, 114

Ames, Milton B., Jr., 118 land-landing systems, 67, 77, 94-95, 107, 112, 118,
Ames Research Center, xvi, 8, 11, 75, 214, 234, 269, 283 173-7,t

Biosatellite Manager, 75 hmar activity, 122, 138
Amsbury, David L., 375 lunar orbit, 76
Analytical Research Laborztories, 258 lunar expl.rati_m, 126, 138, 239
Anders, William A., 27 missions (see also AAP-1, etc.), 57, 68, 73-76, 79,
Anderson, Senator Clinton P., 37 38, 62, 210 89, 94, 95, 96, 103, 112-13, 119, 153, 178, 185
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Anderson, G. M., 69 objectives, 52, 54, 62-63, 66, 67, 79, 88, 94, 98, 113,
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Apollo A, 16 139, 142, 150
Apollo 6, 124 phase C technical proposal, 53, 76, 88-89
Apollo 7 (AS-205), 143, 199 planning, 50, 53, 68, 71, 74, 75, 82, 95, 96, 105, 106,
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Apollo 14, 208 redesignated Skylab Program, xoi, 193
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